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HOW  TO  READ 
A  WORKSHOP  DRAWING 


WHILE  no  one  looking  at  the  figure  on  the  left  in 
Fig.  1  has  any  difficulty  in  recognising  it  as  the 
picture  of  a  pulley,  not  everybody  looking  at  the 
other  two  figures  would  recognise  that  they  repre- 
sent the  same  thing.  It  is  a  fact,  however,  and 
it  is  how  a  pulley  would  appear  in  a  workshop 
drawing.  But  why  should  two  figures  be  drawn 
when  one,  apparently,  would  not  only  suffice,  but 
besides  would  be  more  understandable  ?  As  a 
matter  of  fact  it  is  easier,  and  therefore  takes  less 
time  to  draw  the  two  figures  to  the  right  than  the 
one  to  the  left ;  and  what  is  much  more  important, 
it  is  only  by  drawing  the  pulley  as  shown. in  the 
two  figures  that  its  true  shape  and  size  can  be 
ascertained.  Who  could  tell,  by  examining  the 
left-hand  figure,  that  the  pulley  is  circular,  except 
he  knew  it  beforehand  ?  It  might  be  narrower 
than  it  is  high.  True,  circles  when  viewed  sideway 
appear  oval,  and  so  it  might  be  guessed  that  the 
figure  represents  something  circular.  Yet  an  oval 
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also  appears  oval,  only  more  so,  when  seen  side- 
way.  Therefore  it  is  only  a  guess  when  it  is 
thought  that  a  circular  body  is  represented  by 
the  left-hand  figure.  There  can  be  no  mistake, 
however,  when  the  figure  furthest  to  the  right 
is  examined.  This  "  elevation "  represents  the 
pulley  as  seen  from  the  side.  Apparently  it  has 
no  width.  The  rim,  arms,  and  nave  can  be  dis- 
tinctly seen,  but  there  is  nothing  to  show  that 
the  rim  and  the  nave  stand  out  from  the  arms. 
Plainly,  then,  this  figure  does  not  give  all  the 
information  required  to  understand  the  shape  of 
the  pulley.  The  middle  figure  shows  the  pulley 
as  viewed  from  the  front ;  its  width  is  given,  but 
there  is  no  means  of  discovering  that  it  is  round. 
Indeed,  it  may  be  thought  that  this  does  not 
represent  the  pulley  as  seen  from  the  front,  for 
there  is  no  mistaking  the  fact  that  a  real  pulley  is 
round  when  looked  at  from  the  front,  even  if 
neither  of  the  sides  can  be  seen.  This  is  true 
when  the  light  and  shade  gives  this  information, 
and  not  the  lines  which  bound  the  surface.  These 
are  arranged  as  shown  in  the  middle  figure,  and 
are  all  that  can  be  seen  from  the  front.  Here 
again  only  a  small  part  of  the  information  re- 
quired about  this  pulley  is  given,  for  only  the 
width  is  added.  But  taken  with  the  figure  to  the 
right  much  can  be  learned  about  the  size  and 
shape  of  this  pulley.  For  the  diameters  of  the 


rim  both  inside  and  outside,  of  the  nave,  and  of 
the  hole  in  the  nave  are  there  to  be  measured  if 
required.  The  widths  of  the  arms  and  of  the  rim 
can  be  obtained,  but  not  the  thickness  of  the  arms 
nor  the  length  of  the  nave.  The  means  of  ob- 
taining these  will  be  shown  later.  Drawings  made 
like  the  two  on  the  right  supply  more  information 
concerning  the  true  shape  and  the  actual  sizes  of 
an  object  than  the  single  figure  on  the  left.  On 


elevation  Side 

Fig.  1.— A  Pulley. 

the  other  hand,  however,  that  on  the  left  gives  a 
better  idea  of  the  general  form  of  the  object  than 
the  two  on  the  right,  even  when  taken  together. 

To  ascertain  the  true  shape  and  size  of  an 
object,  at  least  two  views  of  it  must  be  shown. 
The  meaning  of  "a  view"  as  used  throughout 
this  book  is  a  drawing  made  of  the  particular 
object  in  question  when  looked  at  from  such  a 


position  that  only  two  of  its  three  dimensions  can 
be  seen.  Thus  its  length  and  breadth  may  be 
seen,  but  not  its  thickness  also,  or  its  length  and 
thickness  may  be  seen,  or  its  breadth  and  thick- 
ness only.  At  any  rate,  a  drawing  showing  any 
two  of  these  is  called  a  view.  There  are  three 
principal  ways  in  which  the  body  can  be  looked 
at  so  as  to  obtain  a  view,  namely,  from  the  front, 
from  the  side,  and  from  above,  looking  down- 
wards. The  front  view  is  called  the  "  Front 
Elevation,"  or  the  "  Elevation  "  ;  that  seen  from 
the  side  is  called  the  "  Side  Elevation,"  or  "End 
Elevation  "  ;  and  that  seen  from  above,  looking 
downwards,  is  called  the  "Plan."  If  a  view  is 
required  from  below,  looking  upwards,  then  this 
is  called  a  "  Plan  from  Below  "  ;  but  this  is  very 
rarely  required.  Fig.  2  represents  an  ordinary 
taper  key.  The  elevation  is  drawn  as  seen  from 
E  in  direction  of  arrow.  It  shows  the  length 
and  thickness  of  the  key,  but  not  its  breadth. 
The  plan,  drawn  as  from  P,  gives  the  length  with 
the  breadth  and  not  the  thickness.  The  side 
elevation,  drawn  as  from  S,  gives  the  breadth  and 
thickness  but  not  the  length.  Thus  each  view 
gives  the  dimensions  in  two  of  the  three  direc- 
tions in  which  every  solid  body  extends.  The 
side  elevation  requires  a  little  explanation,  for  it 
is  not  apparent  at  first  where  the  four  horizontal 
lines  come  from.  The  lowest  line,  of  course, 


represents  the  bottom  of  the  key.  The  next  the 
top  of  the  key,  at  the  end  remote  from  the  head. 
The  third  from  the  bottom  one  is  the  line  where 
the  head  commences,  so  that  the  distance  between 
the  second  and  third  lines  is  the  sloping  top  of 
the  key.  And,  lastly,  the  fourth  line  represents 
the  top  of  the  head.  In  this  view  there  is  no 
indication  that  the  third  and  fourth  lines  from 
the  bottom  are  some  distance  behind  the  other 
two  ;  that  it  is  so  can  only  be  gathered  by  look- 


Plan 
Fig.  2. 

ing  at  the  plan  or  the  front  elevation.  This  is 
hard  to  understand  at  first,  but  when  one 
realises  that  only  two  dimensions  can  be  obtained 
from  any  view,  the  practice  of  mentally  combin- 
ing two  views  is  quickly  learnt.  Notice  also  that, 
taking  all  three  views  together,  each  dimension  is 
repeated  twice.  Thus,  if  the  plan  and  front 
elevation  are  alone  drawn,  the  length,  the  thick- 
ness, and  the  breadth  can  be  ascertained,  and  as 
-hat  is  all  that  is  required,  the  side  elevation  is 
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useless,  and  may  be  conveniently  left  out.  Or 
suppose  that  the  plan  is  not  drawn  :  then  from  the 
front  and  side  elevations  the  length,  breadth,  and 
thickness  can  all  be  obtained.  Again,  the  plan 
and  the  side  elevation  taken  together  will  supply 
these  same  dimensions,  and  the  front  elevation 
may  be  dispensed  with.  So,  as  a  general  rule, 
only  two  views  are  required,  although,  under  some 
circumstances,,  it  is  necessary  to  have  all  three. 

Of  the  two  elevations,  which  is  to  be  called 
"the  front"  and  which  "the  side"?  This  is 
very  difficult  to  say,  for,  taking  the  taper  key  in 
Fig.  2  as  an  example,  if  it  is  turned  on  its  end, 
then,  keeping  the  same  view  as  the  front  eleva- 
tion, the  side  elevation  is  that  which  is  now  shown 
as  the  plan.  Or,  turning  it  on  its  side,  the  front 
elevation  and  plan  change  places.  Thus  con- 
fusion may  arise  if  there  be  no  rule  concerning 
them!  This,  then,  may  be  taken  as  the  rule — 
the  front  elevation  is  that  view  which  has  another 
view  either  below  or  above  it  (this  other  view 
being  called  "the  plan").  And  if  there  are  two 
elevations  but  no  plan,  then  that  which  has  the 
greater  length  may  be  looked  upon  as  the  front 
elevation.  Notice  that  in  the  rule  just  given  the 
plan  is  said  to  be  placed  either  below  or  above 
the  front  elevation.  In  England  it  is  customary 
to  place  the  plan  below  the  front  elevation — that 
is  to  say,  the  view  of  the  top  is  put  underneath 


the  view  of  the  front.  Similarly,  the  view  of  the 
right-hand  side  of  the  object  should  be  put  to  the 
left  of  the  view  of  the  front,  and  that  of  the  left- 
hand  side  should  be  to  the  right  of  the  front  view. 
This  is  illustrated  in  Fig.  2,  for  here  the  view 
seen  when  looking  from  S  is  placed  to  the  right. 
Although  this  is  where  it  should  be  if  the  plan  is 
below  the  front  elevation,  yet  sometimes  the  side 
elevation  is  placed  on  the  same  side  of  the  front 
elevation  as  that  from  which  it  is  seen.  If  this 
were  done  in  Fig.  2,  the  side  elevation  would 
have  to  be  placed  to  the  left  of  the  front  eleva- 
tion. This  position  for  the  side  elevation  is  help- 
ful in  reading  the  drawing.  For,  again  referring 
to  Fig.  2,  it  is  seen  that  if  the  side  elevation  re- 
mains where  it  is,  then  the  eye  has  to  travel  from 
the  extreme  left  of  the  front  elevation  across  this 
view  and  also  the  intervening  space  between  the 
elevations  to  find  corresponding  points  and  lines 
on  the  two  views.  While,  if  the  side  elevation 
be  transposed  to  the  left  of  the  front  elevation,  it 
is  only  across  the  space  between  the  views  that 
the  eye  has  to  traverse  to  find  corresponding 
points.  Although  in  this  case  the  advantage  is 
not  great,  yet,  when  the  front  elevation  is  large 
and  covered  with  lines,  the  arrangement  of  the 
side  view  on  the  side  from  which  it  is  seen  is  dis- 
tinctly useful  for  rapid  and  accurate  reading  of  a 
drawing.  The  same  may  be  said  about  the  plan. 
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For  here  the  eye  has  to  cross  the  elevation  from 
the  top  to  the  bottom,  and  then  the  space  between 
these  views  before  points  in  the  elevation  can  be 
connected  with  points  in  the  plan.  So,  then,  it 
would  seem  an  advantage  to  place  the  plan  above 
the  elevation  instead  of  below  it,  and  at  the  same 
time  place  the  side  elevation  on  that  side  from 
which  it  is  viewed.  This  is  the  method  adopted 
largely  in  America  and  to  a  less  extent  in  Eng- 
land. So,  then,  there  can  be  these  arrangements 
of  the  views  :— 

(1)  The  plan  above  the  front  elevation  and  the 
side  elevation  placed  on  the  side  from  which  it  is 
seen. 

(2)  The  plan  below  the  front  elevation,  with 
the  side  elevation  placed  on  the  opposite  side  to 
that  from  which  it  is  seen. 

(3)  The  plan  below  the  front  elevation  and  the 
side  elevation  on  that  side  from  which  it  is  seen. 

Carefully  notice  this  last  method.  It  combines 
parts  of  the  first  two  methods.  Thus  the  plan  is 
placed  in  the  same  position  as  it  is  in  (2),  while 
the  side  elevation  has  a  corresponding  position  to 
that  in  (1).  This  method  is  widely  used,  and 
care  must  be  taken  not  to  confound  it  with  (2). 

It  has  been  pointed  out  that  two  views  are  re- 
quired to  give  all  the  dimensions  of  an  object- 
Fig.  8  illustrates  how  essential  it  is  to  keep  these 
views  under  observation  at  the  same  time.  Here 
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links  of  totally  different  forms  are  seen  to  have 
similar  elevations.  The  first,  (a),  has  a  single 
boss  on  each  end.  The  elevation  of  these  bosses 
are  seen  as  circles,  while  the  rest  of  the  link  is 
shown  in  elevation  by  lines  joining  these  circles, 
one  on  the  top,  the  other  on  the  bottom.  In  the 
plan  the  bosses  are  seen  as  rectangles,  one  at  each 
side,  standing  out  from  the  rest  of  the  link.  The 
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next,  (6),  although  it  has  bosses  on  both  sides  at 
each  end,  yet  in  the  elevation  only  those  bosses 
which  are  on  the  one  side  can  be  seen.  The 
plan,  however,  shows  that  there  are  bosses  on  the. 
other  side  also,  and  thus  distinguishes  it  from 
(a).  In  the  case  of  (c),  the  plan  shows  dis- 
tinctly that  one  end  is  forked  and  the  other 


similar  to  that  of  (6),  yet  when  it  is  viewed 
from  the  front,  the  elevation  is  exactly  the  same 
as  that  of  both  (a)  and  (b).  In  Fig.  4  the 
same  principle  is  illustrated.  Here  are  shown  a 
pin  and  washer.  One  is  a  cylinder  projecting  out 
of  another  cylinder,  while  the  other  is  a  cylinder 
with  a  hole  through  it.  And  although  their  front 
elevations  are  entirely  dissimilar,  their  side  eleva- 
tions have  nothing  to  show  that  the  inner  circle 


Front  etetitdions. 


represents  a  hole  in  one  case  and  a  cylinder  in 
the  other.  It  may  be  mentioned  here  that  the 
plans  of  both  are  exactly  the  same  shape  as  their 
respective  elevations.  Enough  has  now  been 
given  to  show  that  one  view  must  be  used  to 
interpret  another. 

In  "  Workshop  Drawings "  there  are  certain 
kinds  of  line  and  certain  combinations  of  letters 
of  the  alphabet  which,  when  used,  it  has  been 
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agreed  that  they  signify  certain  things,  and  those 
only.  These  are  called  "conventions,"  and  some 
common  ones  will  now  be  given. 


Ls. 

Bbt. 
Bs. 


(r.F.  Grinding  finish. 


F.   Machined 

turned. 

M.S.  Mild  steel. 
F.B.  Polished. 
T.  Tapping-hole. 
Ts.  Tee-irons. 


or 


Angle  irons. 
Babbit  metal. 
Brass. 

(B)  .  Bright,  nuts,  &c. 
Bz.  Bronze. 
C.I.  Cast  iron. 
C.S.  Cast  steel. 
G,2'75".   Gauge  dimen-    Wh.M.  White  metal. 
sion.  W.I.  Wrought  iron. 

/  is  sometimes  used  for  "  machined."     It  is  put 

on  the    line  which  has  to   be    thus  dealt  with. 

Sometimes  the  depth  of  the  metal  to  be  removed 

is  indicated  by  some  such  means  as  the  following  : 

F-  =  1-1  6th  inch  of  metal  to  be  removed. 


Jf.  =  3-16th     „ 

jr     _    J^ 

JJ  •  —  5  11  11  11  11 

Then  for  nuts  and  the  heads  of  bolts  :  Hex, 
means  hexagonal  ;  sq.  means  square  ;  ro.  means 
round  . 

We  next  deal  with  the  conventional  line  shown 
in  Fig.  5. 

(a)  The  full  line  is  used  for  outlines  such  as 
can  be  seen,  while  for  those  parts  that  are  hidden 
a  dotted  line  as  (6)  is  used.  Frequently  hidden 
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portions  are  omitted  because  dotted  lines  do  not 
always  add  to  the  clearness  of  the  drawing. 

(c)  A  chain  line,  consisting  of  a  long  and  then 
a  short  dash  is  used  for  center  lines.     Sometimes, 
however,  these  are  in  red,  and  then  they  are  full 
lines. 

(d)  A  chain  line,  consisting  of  a  long  and  then 
two  short  dashes,  is  used  for  dimension  lines.     It 
is   sometimes  used  also  to  show  the  path   of   a 
moving   part,   such    as   a   crank-pin    or  a   lever. 
When  used  for  dimension  lines  it  has  arrowheads 
at  its  extremities,  as  shown  in  (e),  also  the  dimen- 
sion in  inches,  feet,  or  millimetres,  as  the  case 
may  be,  is  placed  either  in  a  gap  in  the  line  or 
just  above  it.     This,  then,  means  that  the  space 
between  the  points  of  the  arrowheads  measures 
the  amount  given.     A  single  dash  on  the  right- 
hand  side  of  a  numeral  figure  and  just  above  it 
means  that  feet  are  indicated.     Thus  2;  means 
2  feet.      Double    dashes   in   the    same   position 
signify  inches.     Thus  2"  means  2  inches,  while 
2;   2"  means   2  feet  2  inches.     And,  lastly,  m/m 
beside  a  numeral  figure  means  that  the  figure  re- 
presents  so  many  millimetres.     Thus   292   m/m 
means   292  millimetres.     This    is  the  metric  or 
French  system  of  measurement,  and  dimensions 
are    usually  given    in  millimetres   only  and    not 
centimetres,  etc.     The  dimension  lines  are  some- 
times placed  as  shown  in  (/)  (Fig.  5),  that  is,  on 
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the  view  to  be  dimensioned ;  and  sometimes,  as 
in  (g),  where  the  dimension  line  is  taken  up  clear 
of  the  view,  and  lines,  called  witness  lines,  extend 
from  that  part  of  the  view  which  is  to  be  dimen- 
sioned to  the  dimension  line.  Both  mean  the 
same  thing,  namely,  that  the  size  of  the  object 


Fig.  5. — Line  conventions. 

shown  is  that  given  in  or  above  the  dimension 
line.  The  dimensions  are,  perhaps,  the  most 
important  part  of  a  drawing,  and  should  be  so 
placed  that  the  sizes  of  all  parts  can  be  readily 
ascertained.  T.But  they  must  not  be  so  crowded 
together  that  one  may  be  mistaken  for  another, 
so  sometimes  it  happens  that  dimensions  which 
might  reasonably  have  been  placed  near  together 
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are  found  some  on  one  view  and  some  on  another. 
If,  then,  a  dimension  cannot  be  found  where  it  is 
expected,  do  not  conclude  that  it  has  been  left 
out,  but  search  for  it  on  the  remaining  views. 

When  it  is  necessary  to  see  the  shape  of  the 
inside  of  an  object,  it  is  usual  to  draw  a  view 
having  a  part  cut  away.  Another  convention  is 
used  to  show  which  are  the  solid  portions  having 
been  cut  through.  This  consists  of  drawing  a 


Concrete 

Fig.  6. — Conventional  hatchings  for  materials. 

series  of  sloping  lines  across  these  portions,  and 
the  name  given  to  the  lines  is  "  hatching."  In 
some  cases  advantage  is  taken  of  this  to  show  the 
materials  of  which  the  parts  are  made  by  using  a 
particular  hatching  for  each  material  in  common 
use.  These  are  given  in  Fig.  6,  and  should  be 
committed  to  memory.  This  is  not  difficult  when 
a  comparison  is  made  of  the  hatchings  used  for 
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materials  which  belong  to  family  groups.  Thus 
cast  iron  is  represented  by  a  series  of  parallel 
lines  of  uniform  width,  and  wrought  iron  is  dis- 
tinguished by  the  lines  being  alternately  thick 
and  thin,  while  steel  has  a  series  of  fine-dotted 
lines.  Next,  brass  and  copper  are  related  to  one 
another,  and  so  their  hatchings  are  something 
alike.  Thus  that  of  brass  consists  of  alternate 
full  and  dotted  lines,  while  that  of  copper  is  brass 
repeated,  together  with  full  lines  sloping  in  the 
opposite  direction.  White  metal  is  all  alone.  And 


Fig.  6A. — Blocking  in. 

this  is  followed  by  the  hatching  for  wood,  which 
.suggests  that  material.  Brickwork  also  bears 
some  resemblance  to  the  actual  thing.  The 
hatching  for  concrete  might  be  taken  for  a 
species  of  shorthand.  Next  comes  earth,  which 
is  the  hatching  of  concrete  with  horizontal  lines 
across  it,  though  why  they  should  be  thus  shown 
somewhat  alike  cannot  quite  be  understood. 
Lastly,  the  hatching  for  a  liquid  consists  of 
horizontal  lines  of  unequal  lengths  drawn  across 
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the  vessel  containing  it.  These  special  hatchings 
are  not  universally  used,  although  hatching  is 
always  used  when  a  cut  portion  of  an  object  is 
to  be  represented,  except  when  the  drawing 
is  coloured.  When  only  one  style  of  hatching  is 
used  for  all  materials,  that  shown  for  cast  iron  is 
nearly  always  adopted.  If  the  portion  which  has 
been  cut  is  very  narrow,  it  is  usually  represented 
as  shown  at  (a)  and  (b)  in  Fig.  GA.  This  is 
said  to  be  "  blocked  in  "  and  not  hatched.  Notice 
that  a  white  line  runs  along  the  tops  and  the  left- 
hand  sides  of  all  parts.  The  advantage  of  this 
is  seen  in  (6),  which  is  a  section  of  a  single- 
riveted  lap  joint.  For  if  there  were  no  white 
lines  about  each  of  the  plates,  which  are  riveted 
together,  then  the  parts  of  the  plates  which  over- 
lap would  show  as  one  block  of  metal.  Now, 
however,  it  can  be  distinctly  seen  that  there  are 
two  plates  riveted.  The  reason  for  putting  the 
white  lines  just  where  they  are  is  that  the  light 
is  supposed  to  shine  on  the  view  at  an  angle  from 
the  left,  and  those  parts  on  which  it  shines  are 
distinguished  by  having  the  white  line  on  them, 
while  the  other  parts  which  are  in  the  shade  are 
without  it.  Thus  the  outside  of  the  flange  to  the 
left  in  (a),  Fig.  6A,  has  a  white  line  along  it,  for  it 
is  fully  in  the  light,  but  the  inside  of  the  same 
flange  is  without,  because  no  light  is  upon  it  here. 
The  top  of  the  web  is  supposed  to  be  in  the  full 
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light,  for  although  the  flange  would  in  reality 
screen  a  part  of  the  web,  yet  it  is  assumed  that  it 
does  not,  and  so  the  web  has  a  white  line  along 
its  whole  length.  The  under  side,  however,  has 
the  thickness  of  the  metal  between  it  and  the 
light,  and  so  is  in  the  shade,  and,  therefore,  with- 
out a  white  line.  Then  the  inside  of  the  flange 
to  the  right  is  in  the  light,  and,  therefore,  is 
bounded  by  a  white  line,  while  the  outside,  being 
totally  in  the  shade,  has  no  such  line  about  it. 
Notice  that  here,  again,  the  other  parts  of  the 
section  are  assumed  to  have  no  power  of  putting 
any  part  of  this  flange  in  the  shade,  otherwise 
the  lower  part  of  this  flange  would  be  screened 
from  the  light  by  the  web.  This  is  also  seen  in 
(5),:Fig.  6A.  For  here  one  plate  covers  up  a  part 
of  the  other,  and  yet  there  is  a  white  line  between 
them,  which  line  belongs  to  the  lower  plate,  and 
has  been  shown  as  though  the  upper  plate  were 
not  there.  The  same  can  be  said  concerning  the 
white  lines  between  the  rivet  and  the  plates. 
The  line  to  the  left  belongs  to  the  rivet,  but  the 
one  to  the  right  is  on  the  plates,  for  the  light  is 
supposed  to  shine  on  the  right  of  the  hole,  while 
its  left  is  in  the  shade. 

The  supposition  that  the  light  shines  on  a  view 
from  the  left  hand  upper  corner  is  sometimes  used 
in  the  case  of  ordinary  plans  and  elevations. 
With  these  a  thin  line  is  used  to  show  where  the 
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light  is  falling,  while  a  thicker  line  shows  the 
parts  in  shade.  It  has  this  advantage,  that  one 
can  tell  at  a  glance  if  the  line  in  question  is  on  the 
outside  or  the  inside.  This  is  called  shade  lining, 
and  is  illustrated  in  Fig.  7.  Notice  that  here 
again  each  part  is  independent  of  any  other,  so  far 
as  light  and  shade  are  concerned.  Thus  the 
shank  of  the  pin  does  not  throw  any  part  of  its 
head  into  the  shade.  Compare  Fig.  4  and  Fig.  7 
together,  and  compare  the  side  elevations  of  the 
former  with  the  plans  of  (a)  and  (5).  In  Fig.  4 
they  are  both  the  same,  but  in  Fig.  7  the  inner 
circle  is  thicker  on  its  lower  part  in  (a)  and  on  its 
upper  part  in  (6).  The  reason  is  that  in  (a)  there 
is  a  cylinder  standing  on  another,  and  that  the 
light  shines  on  the  left-hand  upper  part  of  the  top 
cylinder  and  thus  the  right-hand  lower  part  is  in 
the  shade  and  is  therefore  thickened  to  show  it ; 
while  in  (6)  there  is  a  hole  through  a  cylinder  and 
here  the  light  shines  on  the  right-hand  lower  part 
of  the  hole,  leaving  the  left-hand  upper  part  in  the 
shade,  for  which  reason  this  is  also  thickened  up. 
The  outer  circles  represent  the  outside  of  a 
cylinder  in  both  cases  and  are  therefore  both 
thickened  in  the  same  part.  Thus  at  a  glance  the 
plan  in  (a),  Fig.  7,  can  be  seen  to  be  that  of  a 
cylinder  standing  on  another,  because  the  thickened 
parts  are  both  on  the  same  side  of  the  circles, 
while  the  plan  in  (b),  Fig.  7,  is  that  of  a  hollow 
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cylinder  because  the  thickened  part  of  the  inner 
circle  is  opposite  to  that  of  the  outer  circle.  At 
(c),  Fig.  7,  is  shown  a  view  representing  (b), 
Fig.  7,  cut  in  half,  and  the  front  portion 
removed.  It  is  called  a  section,  but  more 
about  this  will  come  later.  Notice  however  that 
the  cut  parts  are  hatched ;  which  is  the  conven- 
tional method  of  showing  that  it  is  cut,  as  has  been 
explained.  Attention  is  to  be  drawn  to  the 
disposition  of  the  thick  and  thin  lines.  Thus 
examining  the  vertical  lines  first,  that  furthest 
to  the  left  is  thin,  because  the  light  is  shining  full 
upon  it ;  the  next  is  thick  being  in  the  shade,  by 
reason  of  the  thickness  of  metal  between  it  and 
the  light ;  the  third  from  the  left  is  thin  being  in 
the  light  because  it  is  the  side  of  the  hole  remote 
from  the  source  of  light ;  while  the  fourth  from 
the  left  is  thick  being  the  outside  of  the  cylinder 
and  thus  having  the  thickness  of  metal  between 
it  and  the  light.  Notice  that  in  the  case  of  the 
outside  of  an  object  the  lines  nearer  the  source  of 
light  are  thin,  while  those  which  are  further  away 
are  thick,  and  that  in  the  case  of  a  hole  or 
hollow  the  opposite  holds  good.  Of  the  horizontal 
lines  (c),  the  top  ones  that  are  thin,  and  all  those 
which  have  solid  metal  between  them  and  the 
light  are  thick.  It  may  be  pointed  out  here  that 
(c),  Fig.  7,  would  be  the  section  of  a  cylinder 
with  a  rectangular  hole  in  it  or  a  rectangular 
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mass  with  either  a  rectangular  or  a  round 
hole  in  it.  So  that  (c)  being  the  section  of 
all  these  different  shapes  there  must  be  another 
view  given  before  the  actual  shape  can  be  ascer- 
tained. And  this  other  view  must  be  the  plan, 
for  either  or  both  the  elevations  would  be  useless. 
Suppose  now  that  the  hole  instead  of  going  right 
through  as  in  (c)  only  goes  a  part  of  the  way  as  in 
(d)  Fig,  7.  There  the  same  remarks  apply  to  the 
vertical  lines  as  were  made  about  the  same  lines 
in  (c).  Of  the  horizontal  lines,  that  across  the 
top  is  thin  because  it  is  most  certainly  in  the 
light ;  next  that  across  the  top  of  the  hole  is  thick 
because  a  mass  of  metal  comes  between  it  and  the 
light  ;  and  as  the  same  applies  to  the  line  across 
the  bottom  of  the  cylinder  it  therefore  is  thick. 
If  however,  (d)  be  turned  upside  down,  then, 
while  the  vertical  lines  remain  as  they  were 
before,  the  horizontal  ones  have  changed  positions. 
This  is  shown  at  (e) .  Thus  lines  on  any  object  may 
be  thick  or  thin  according  to  their  position  relative 
to  the  light.  Going  on  to  (/),hereisan  elevation 
similar  to  that  in  (a),  but  the  plan  shows  that  its 
shape  is  totally  different.  It  can  be  seen  that 
there  are  two  rectangular  prisms,  one  standing  on 
the  other  (a  prism  is  a  solid,  having  as  it  ends 
equal,  similar  and  parallel  plane  figures  and  those 
sides  are  parallelograms).  It  is  said  to  be  rectan- 
gular when  the  angles  of  the  plane  figures  at  its 


ends  are  all  right  angles.  This  is  sometimes 
spoken  of  as  a  square,  but  this  expression  is  only 
correct  when  all  the  sides  of  the  end  figures  are 
equal.  Keturning  to  (/),  it  will  be  seen  that  the 
right-hand  and  lower  sides  are  thickened,  while 
the  left-hand  and  upper  sides  are  thin.  The 
reason  being  that  the  rays  of  light  are  supposed 
to  come  from  a  source  in  the  direction  of  the 
upper  left  hand  corner  as  before. 

In  (g)  the  elevation  is  similar  to  that  of  (b) ,  but 
there  again  the  plan  shows  that  the  actual  shape 
is  very  different.  In  this  plan,  because  there  is  a 
hole  through  the  mass  of  metal,  top  and  left-hand 
sides  of  the  inner  rectangle  are  thick,  while  the 
other  two  are  thin.  The  shade  lines  on  the  outer 
rectangle  are  in  the  same  positions  as  those  in  the 
outer  rectangle  (/),  and  for  the  same  reasons. 
Thus  it  is  seen  that  shade  lines  often  help  con- 
siderably in  the  reading  of  a  drawing.  The  reason 
why  they  are  not  universally  used  is  that  it  is 
tedious  work  for  the  draughtsman  to  put  them  in 
all  drawings,  and  takes  an  appreciably  longer  time. 

From  neither  the  plan  nor  the  elevations  can  the 
shape  of  the  inside  be  obtained,  so  that  if  this  is 
required  another  view  must  be  drawn.  This  is 
obtained  by  supposing  the  object  to  be  cut  in  two 
parts  and  one  of  them  removed ;  then  on  looking 
at  the  other  the  interior  can  be  seen.  This  is 
called  a  section ;  if  the  cut  is  taken  downwards 


the  view  is  called  a  sectional  elevation  ;  if  taken 
across  it  is  called  a  sectional  plan.  Not  only  does 
the  section  show  the  interior  of  an  object,  but 
sometimes  it  is  essential  to  interpret  the  other 
views. 

In  Fig.  8  are  shown  the  front  and  side  eleva- 
tions of  a  steam  engine  piston,  while  beneath 
these  are  three  sectional  elevations,  to  each  of 
which  the  front  and  side  elevations  might  belong, 
for  tracing  out  the  corresponding  parts  in  each 
section,  and  it  wrill  be  found  that  the  front  eleva- 
tions of  them  all  are  the  same.  Thus  the  hole 
through  which  the  piston  rod  passes  is  seen  as 
the  inmost  circle  in  the  front  elevation.  Next 
the  outside  of  the  boss  is  another  circle.  Follow- 
ing this  there  is  a  circle  representing  the  inside 
of  the  rim  of  the  piston,  while  yet  another  circle 
represents  the  outside  of  the  rim.  All  of  these 
appear  in  the  front  elevation,  but  there  is  nothing 
to  show  where  the  web  or  spider  is  located. 
Neither  does  the  side  elevation  give  the  required 
information,  for  the  rim  of  the  piston  covers  all 
else.  Thus,  a  sectional  elevation  is  required.  The 
information  might  have  been  given  by  dotted 
lines  on  the  side  elevation,  but  it  is  much  more 
clearly  conveyed  by  the  section.  At  first  sight  it 
is  not  quite  clear  why  the  horizontal  lines  joining 
the  ends  of  the  sections  of  the  rim  are  shown  on 
the  lower  views.  Yet  when  it  is  remembered  that 
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these  are  views  of  a  piston  cut  in  half,  and  that 
there  still  remains  a  part  of  the  piston  behind  the 
part  which  has  been  cut,  it  will  be  seen  that  these 
lines  represent  the  back  half  of  the  rim,  seen  on 
the  inside,  however,  and  not  on  the  outside,  as 
shown  in  the  side  elevation.  If  these  horizontal 
lines  were  left  out  of  the  views,  then  they  would 
be  sections  and  not  sectional  elevations.  As  a 
piston  is  round,  these  views  may  equally  be  called 
sectional  plans,  for  the  latter  are  exactly  the  same 
shape. 

In  Fig.  9  are  shown  the  front  and  side  eleva- 
tions and  also  a  sectional  elevation  of  a  shaft 
coupling.  From  the  side  and  front  elevations 
can  be  found  all  that  is  required  concerning  the 
exterior  of  the  coupling.  The  diameter  and  the 
width  of  the  flanges,  the  diameter  and  length  of 
the  bosses,  the  number  and  position  of  the  bolts, 
all  are  to  be  found  on  these.  But  there  are  no 
means  of  ascertaining  how  the  flanges  are  fixed 
to  the  shafts,  nor  indeed  the  length  of  the  shaft 
in  the  flanges,  so  that,  if  these  things  are  to  be 
known,  another  view  must  be  drawn.  A  section, 
either  in  plan  or  elevation,  fulfils  the  require- 
ments of  this  view.  The  sectional  elevation 
shown  (it  might  be  a  sectional  plan  also)  has 
been  so  chosen  that  it  passes  through  two 
bolts,  and,  besides  that,  it  exposes  to  view  the 
keys  by  which  the  shafts  are  fixed  to  the  flanges, 


Fig.  8.     Elevations  and  sections  of  pistons, 
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Although  the  section  passes  through  the  bolts, 
they  are  not  shown  in  section,  and  the  same  can 
be  said  about  the  shafts,  when  it  is  remembered 
that  all  solids  when  cut  are  by  convention  to  be 
hatched,  which  none  of  these  are.  Besides  this, 
it  will  be  seen  on  close  examination  that  the 
bolt-heads  and  the  nuts  are  shown  exactly  the 
same  in  both  the  section  and  the  front  elevation. 
Why  is  this?  Why,  if  all  these  are  in  the 
section,  should  they  not  be  shown  in  the  con- 
ventional manner  ?  Consider  for  a  moment  the 
value  of  a  section.  Is  it  not  to  show  what  is 
hidden  by  being  inside  ?  What  is  hidden  inside, 
a  bolt  or  a  shaft  ?  Truly  nothing ;  therefore 
these  are  shown  in  outside  elevation.  So,  then, 
bolts,  nuts,  shafts,  spindles,  rods,  and  all  such 
things  which  can  be  understood  even  when  not 
cut  in  half  are  left  in  elevation,  while  all  the  rest 
is  in  section.  In  this  sectional  elevation  the  keys 
can  be  seen,  that  on  the  left-hand  shaft  being  on 
the  top  of  it,  and  that  on  the  right-hand  one 
being  at  its  middle.  Also,  one  flange  is  recessed 
while  the  other  has  a  projection  fitting  in  this 
recess.  This  is  to  keep  the  shafts  in  line. 

Occasionally,  a  part  of  an  object  is  in  section, 
as  shown  in  the  "  detail "  Fig.  9.  This  part  has  a 
wavy  line  round  about  it,  which  is  to  show  that  this 
is  the  only  part  in  section.  This  is  done  when  it  is 
only  a  local  detail,  which  it  is  desired  to  show. 
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Sectional   delation. 

Fig.  y.     A  sliaft  of  coupling-. 
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Thus,  in  this  case  the  shaft  is  cut  away  round 
about  the  key,  and  thus  shows  how  much  it  is 
sunk  into  the  shaft ;  and  as  this  is  all  that  is 
needed,  the  rest  of  the  shaft  is  left  in  elevation. 

Notice  that  even  here  the  key  is  not  in  section. 
Looking  at  the  smaller  detail  it  will  be  seen  that 
one  end  of  the  shaft  is  an  irregular  oval,  with 
hatching  across  it.  This  is  often  done  to  show 
that  it  is  round.  If  it  were  square,  there  would 
be  a  narrow  hatched  rectangle  on  it.  By  doing 
this,  it  is  unnecessary  to  draw  a  side  elevation. 

At  (a),  Fig  10,  is  another  illustration  of  the  use 
of  partial  sections.  This  is  a  front  elevation  of 
an  eccentric  sheave.  It  is  divided  into  two  parts 
along  the  line  A  A,  so  that  it  can  be  put  on  the 
crank  shaft  and  these  parts  are  then  held 
together  by  means  of  the  two  pins  and  cotters, 
one  pair  on  each  side  as  shown.  And  here  a 
partial  section  is  all  that  is  needed  to  show  the 
shape  and  size  of  these  pins  and  also  how  they 
are  held  in  place. 

Frequently  by  drawing  a  section  of  a  part  on  its 
elevation  a  sectional  plan  or  elevation  is  rendered 
needless.  This  is  illustrated  in  (6),  Fig  10,  which 
shows  the  elevation  of  a  wall  bracket.  On  it  is 
placed  a  section  of  the  inclined  part  to  show  its 
shape.  Another  illustration  of  this  is  seen  in  (c), 
Fig.  10,  which  is  the  front  elevation  of  a  crane 
hook.  The  sections  show  very  clearly  its  varying 


form.  Each  is  a  section  on  the  line  dividing  the 
section  into  halves.  It  must  be  clearly  understood 
that  these  are  sections,  and  not  sectional  elevations, 
and  that  they  have  no  right  to  be  where  they  are, 
but  are  placed  on  the  elevation  of  the  parts  of 
which  they  are  the  sections  for  convenience. 

On  examining  Fig.  11,  which  shows  the  eleva- 
tions and  sectional  elevations  of  a  friction  clutch,  it 
will  be  seen  that  both  the  side  elevation  and  the 
sectional  elevation  are  symmetrical  about  hori- 
zontal centre  lines,  that  is  to  say  in  each  view 
there  are  lines  above  the  centre  line  which  have 
lines  below  it  corresponding  to  them  in  length  and 
position,  which  simply  means  that  twice  as  much 
work  as  need  be  has  been  spent  upon  the  drawing  ; 
for  if  only  half  of  each  elevation  were  drawn 
combined  as  shown  at  (c),  all  the  information 
given  in  the  two  views  would  be  obtained.  This 
means  of  economising  space  and  labour  is  often 
adopted.  A  view  such  as  this,  means  that  if  the 
section  were  extended  below  the  centre  line,  the 
part  above  it  would  be  repeated,  while  if  the 
elevation  shown  below  the  centre  line  were 
extended;  above  it,  then  it  would  also  be  repeated. 
When  this  is  once  grasped,  there  is  not  much 
chance  of  being  led  astray  by  one  of  these 
compound  views.  To  the  right  of  this  compound 
view  the  front  elevation  of  this  clutch  is  shown. 
And  it  is  noteworthy  that  the  view  is  the  front 
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Fig.  11.     A  friction  clutch. 
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elevation  of  the  friction  clutch  as  it  actually  is, 
and  not  a  front  elevation  of  the  other  view  shown 
with  it.  For  if  it  were,  then  the  upper  right- 
hand  quadrant,  (a  quarter  of  a  circle  is  thus 
named)  should  not  be  there.  And  this  holds  good 
for  both  plans  and  elevations  given  with  sections ; 
that  the  plan  or  the  elevation  is  the  whole  plan  or 
elevation  of  the  body  to  be  represented  and  not  the 
plan  or  elevation  of  the  section  as  drawn.  This 
is  perhaps  at  first  rather  confusing,  yet  it  is 
quite  reasonable.  For  the  real  shape  of  the 
object  is  required,  irrespective  of  any  sections 
which  have  been  made  of  it. 

All  sections  which  have  up  to  now  been 
examined  have  been  on  a  center  line,  that  is  to  say 
the  object  has  been  assumed  to  be  cut  in  half.  If 
it  were  necessary,  however,  the  section  line  could 
be  taken  anywhere  else,  in  which  case  it  is  usual 
to  write  beneath  it  that  the  view  is  a  section  on 
such  and  such  a  line.  If  attention  be  paid  to  the 
position  of  the  line  on  which  the  section  is  made 
no  difficulty  will  be  met  with  in  understanding  it. 
For  all  the  remarks  which  have  been  made 
concerning  a  section  apply  to  this  one  also. 
Occasionally,  however,  it  happens  that  the  line  on 
which  the  section  is  made  is  not  a  straight  one ; 
which  of  course  means  that  the  sectional  view  is 
composed  of  two  or  more  sections,  one  being 
further  forward  than  the  other,  or,  as  it  is  said,  in 
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different  planes.  This  is  shown  in  Fig.  12.  But 
before  it  is  examined  for  the  purpose  of  explaining 
the  section,  a  few  words  may  be  given  concerning 
what  it  is,  and  what  it  is  used  for.  Firstly,  then, 
it  is  a  bearing  for  the  crank-shaft  of  a  large 
horizontal  engine.  And  it  must  be  understood 
that  the  steam  acting  on  the  piston,  by  means  of 
the  connecting-rod,  forces  the  crank-shaft  now  to 
the  right  and  now  to  the  left,  while  all  the  time 
the  crank-shaft  is  rotating  in  this  bearing.  This 
rotation  of  the  crank-shaft  causes  the  bearing  to 
wear  away,  especially  at  those  parts  against 
which  the  shaft  is  forced.  That  the  crank-shaft 
may  run  true,  some  means  must  be  adopted  to 
compensate  for  this  wear.  This  is  done  by  making 
the  step  in  four  parts,  instead  of  two,  which  is 
the  more  usual  way  with  bearings.  The  parts 
at  the  sides  where  the  wear  takes  place  are 
so  arranged  that  they  can  be  forced  inward,  and 
thus  take  up  the  wear  on  these  parts.  They  are 
forced  in  by  means  of  wedges  by  which  they  are 
backed.  All  this  can  be  seen  in  Fig  12.  It  will 
be  noticed  that  the  steps  are  not  divided  into  four 
equal  parts,  but  that  the  side  parts  are  smaller 
than  those  at  the  top  and  bottom,  and  that  the 
dividing  is  so  done  that  they  have  flat  horizontal 
surfaces  for  them  to  slide  on.  Behind  these  side 
pieces  come  the  wedges,  held  in  place  by  long 
bolts  which  pass  through  the  cap,  and  these  have 
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nuts  on  them.  By  screwing  down  these  nuts,  the 
wedges  are  drawn  upwards  and  thus  close  the  side 
pieces  inward  as  required.  Behind  the  wedges 
are  metal  pads  for  them  to  slide  on,  and  in  the 
plan  it  can  be  seen  that  both  the  pads  and  the 
wedges  extend  right  across  the  steps  up  to  their 
flanges.  As  for  the  rest,  it  is  very  similar  to  an 
ordinary  bearing,  only,  being  a  very  large  one  the 
cap  is  held  on  by  four  bolts,  two  on  either  side. 
This  is  one  of  the  reasons  for  making  the  section 
line  zig-zag.  This  line,  as  is  seen  in  the  plan, 
commences  on  the  left-hand  side,  passing  through 
the  center  of  one  of  the  bolts  holding  the  cap  on, 
and  then  when  half-way  across  the  wedge  it 
suddenly  bends  downwards,  and  then  bends  again 
into  the  horizontal,  passing  through  the  step  up 
to  the  vertical  center  line.  Then  it  again  bends 
downwards  until  it  reaches  the  horizontal  center 
line  along  which  it  next  passes  right  across  the 
plan.  It  starts  then  at  A,  and  ends  at  B.  Thus, 
there  are  three  distinct  sections  in  the  elevation. 
The  one  furthest  to  the  left,  is  a  section  of  the 
part  about  one  of  the  cap  bolts,  the  next  of  a  part 
of  the  wedge  and  step,  and  the  last  of  the 
remainder  of  the  bearing  when  cut  along  the 
horizontal  center  line  as  seen  in  the  plan.  Each 
shows  just  sufficient  for  the  particular  plane  in 
which  it  is,  and  that  is  all.  Thus  a  section 
through  any  other  of  the  cap  bolts  would  be 
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exactly  the  same  as  the  one  shown,  and  which, 
moreover,  if  extended  further  to  the  right  than  it 
does,  would  not  serve  any  useful  purpose.  The 
same  can  be  said  of  the  other  sections,  for  taking 
the  one  on  the  horizontal  center  line,  then  if  it  be 
extended  to  the  left  of  the  vertical  center  line 
all  that  is  on  the  right  in  the  elevation  would 
have  to  be  repeated  on  the  left,  which  would 
certainly  be  useless  labour. 

As  for  the  half-sectional  plan,  it  is  a  section  on 
the  horizontal  center  line  in  the  elevation,  and  on 
that  line  alone,  and  so  can  be  readily  understood. 
Returning  now  to  the  section  through  the  bolt  and 
using  the  sectional  plan  to  assist  in  interpreting 
it.  Firstly,  it  is  seen  that  the  pedestal  is  hollow. 
This  is  shown  in  the  plan  by  the  two  horizontal 
hatched  parts  to  the  extreme  left.  Next  it  is 
seen  that  there  are  two  holes  for  the  cap  bolts  to 
pass  through,  surrounded  by  solid  metal,  which 
the  sectional  elevation  shows  to  be  of  the  nature 
of  tubes.  And  these  are  joined  together  by  a 
solid  piece  of  metal,  as  can  be  seen  by  the  plan. 
On  a  close  examination  in  the  plan  of  the  holes 
in  these  tubes  it  will  be  found  that  they  are  of  a 
peculiar  shape,  being  semi-circular  towards  the 
left  and  then  bounded  by  two  horizontal  lines 
right  up  to  the  pad.  As  a  matter  of  fact,  it  is 
open  towards  the  right,  that  is  to  say,  if  the  pad 
and  the  wedge  were  removed,  there  would  be 


nothing  to  keep  the  bolts  within  the  tube.  The 
reason  for  this  is  that  the  bolt  is  passed  down  the 
hole  from  the  top,  and  then,  when  right  through 
is  turned  half  the  way  round,  so  that  its  head, 
(which  is  a  tee-head,  by  the  way),  catches  on  the 
sides  of  the  hole.  If  the  hole  were  not  open  on 
one  side,  the 'bolt-head  could  not  pass  through  it. 
The  bolt  on  its  way  down  is  shown  at  (a),  Fig.  12. 
That  the  tube  is  open  on  the  right  side  can  be 
seen  in  the  elevation  also,  for,  if  it  were  closed, 
there  would  be  solid  metal  to  be  cut  through  on 
this  side,  and  this  would  be  shown  as  hatched, 
which  is  not  so  shown,  and,  therefore,  the  tube 
must  be  open.  There  can  be  seen,  however,  on 
the  right-hand  side  of  the  tube  a  narrow,  white 
space,  which  is  the  back  part  of  the  hole  behind 
the  section,  and  which,  because  it  is  seen, 
shows  that  a  sectional  elevation  and  not  a  section 
has  been  here  drawn.  The  difference  between 
these  has  been  explained  on  p.  25.  It  will  be 
noticed  that  this  white  space  becomes  wider 
behind  the  pad.  This  is  so  because  here  the  part 
of  the  pedestal  which  surrounds  the  steps,  wedges, 
and  pads  is  thickened  up  so  as  to  form  a  bearing 
strip  for  the  latter.  Notice  also  that  in  the 
bottom  of  this  part  of  the  pedestal  there  is  a 
white  patch.  This  is  a  hole  to  allow  the  bolt 
head  to  pass  through.  It  will  be  seen  also  that 
on  the  left  side  of  the  bolt  there  is  a  white  space 
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between  the  latter  and  the  hatched  part.  This 
shows  that  the  hole  is  larger  than  the  bolt,  that 
it  is,  in  fact,  a  clearing  hole.  And  it  is  confirmed 
by  the  sectional  plan,  for  here  is  a  hatched  circle 
showing  the  section  of  the  bolt,  and  around  this 
is  a  white  space,  showing  again  that  the  hole  is 
larger  than  the  bolt.  Still  looking  at  the  sec- 
tional plan,  a  vertical  line  will  be  seen  across  the 
hole  between  the  hatched  circle  and  the  pad. 
This  is  one  of  the  sides  of  the  bolt-head  which 
can  be  seen  at  the  bottom  of  the  hole.  In  the 
sectional  elevation  notice  that,  as  usual,  the  bolt 
is  not  in  section,  but  in  elevation.  This  has  been 
explained  on  p.  28.  As  for  the  section  of  the 
pad,  there  is  nothing  peculiar  about  it.  The  pad 
is  seen  to  be  a  comparatively  thin  piece  of  metal, 
somewhat  longer  than  the  wedge,  while  the  sec- 
tional plan  shows  it  extending  right  across  the 
inside  of  the  pedestal.  Coming  next  to  the 
wedge.  It  must  be  remembered  that  the  plane 
of  section  suddenly  alters,  and,  strictly  speaking, 
there  should  be  in  the  sectional  elevation  a  verti- 
cal line  down  the  wedge,  showing  where  this 
change  of  the  plane  of  section  takes  place.  But 
as  this  might  be  misleading  it  is  left  out,  so  the 
section  of  the  wedge  shows  simply  a  piece  of 
metal,  which  extends  across  the  pedestal  as  the 
pad  does.  This,  of  course,  is  seen  in  the  sectional 
plan.  And  now,  leaving  the  cap  to  be  dealt  with 
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later,  the  next  section  is  arrived  at.  Here  is 
shown  the  remainder  of  the  wedge  and  the  steps 
up  to  the  vertical  center  line.  Between  the 
wedge  and  the  side  step  is  a  white  space,  which, 
on  referring  to  the  sectional  plan,  is  seen  to  be  a 
recess  in  the  back  of  the  step,  for  the  section  line 
passes  through  one  of  these  recesses.  Looking 
next  at  the  parts  of  the  upper  and  lower  steps  in 
this  section,  three  lines  are  seen  to  surround 
them.  These  show  that  both  the  upper  and 
lower  steps  and  the  cap  and  casing  containing 
the  steps,  etc.,  are  also  recessed.  Thus  the  outer 
arcs  (an  arc  is  a  part  of  a  circle)  are  the  bottom 
of  the  recess  in  the  cap  in  the  one  case  and  in  the 
casing  in  the  other.  The  next  arcs,  which  are 
the  middle  ones  of  the  three  sets,  are  the  top  of 
the  recesses  of  the  cap,  the  casing,  and  the  upper 
and  lower  steps,  and  thus  show  where  the  cap 
touches  the  upper  step  and  the  casing  the  lower 
one.  This  is  away  at  the  back  of  the  recesses,  as 
can  be  seen  at  (5),  Fig.  12.  And,  lastly,  the 
inner  arcs  are  the  bottoms  of  the  recesses,  in  the 
upper  and  lower  steps  respectively.  That  these 
recesses  exist  is  confirmed  by  the  fact  that  the 
outer  arcs  end  with  the  cap  on  the  one  hand  and 
the  casing  on  the  other,  while  the  other  two  sets 
of  arcs  continue  right  up  to  the  side  steps.  Of 
course,  all  three  are  in  reality  on  the  right-hand 
side  of  the  vertical  center  line  also ;  but  this  sec- 
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seen  later,  the  next  section  does  not  show  the 
recesses.  These  recesses  are  made  to  minimise 
the  machining  required  on  the  steps,  etc.,  for 
only  those  parts  of  the  steps  which  touch  the  cap 
on  the  one  hand  and  the  casing  on  the  other 
require  machining.  The  same  can  be  said  for 
the  side  steps,  which  touch  the  wedges.  Thus 
the  cost  of  a  large  bearing  is  materially  reduced. 
Dealing  next  with  the  two  inner  arcs  of  the 
steps,  which  showr  the  section  of  the  white- 
metal  liner  with  which  the  cast-iron  steps  are 
lined.  On  closely  examining  the  sectional  eleva- 
tion, it  will  be  seen  that  the  cast-iron  steps  are 
recessed  there  also,  but  that  in  this  case  the 
white-metal  liner  fits  into  the  recesses,  and  is 
thus  prevented  from  turning  round  with  the 
shaft,  as  it  is  possible  it  might  do  if  the  friction 
was  great  enough.  The  sectional  plan  shows 
that  the  cast-iron  step  is  recessed  crosswise  as 
well,  and  that,  again,  the  white-metal  liner  fits 
into  the  recesses.  In  this  case  the  liner  is  pre- 
vented from  being  forced  out  sideways.  The 
section  has  been  taken  so  as  to  pass  through  one 
of  the  recesses  in  the  cast-iron.  This  can  be 
seen  in  the  plan.  Again,  it  must  be  remembered 
that  if  this  section  did  not  end  on  the  vertical 
center  line,  all  this  should  be  repeated  on  the 
right-hand  side  of  this  center  line.  The  third 
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section,  commencing,  as  has  been  said,  at  the 
vertical  center  line  in  the  elevation,  follows  the 
horizontal  center  line  in  the  plan,  and  cuts 
the  remainder  of  the  bearing  into  two  parts. 
Starting,  then,  with  the  liner,  it  will  be  seen  that 
the  inner  arc  is  a  continuation  of  that  on  the  left 
of  the  center  line,  but  that  the  next  arc  is  not  so 
far  out  as  the  second  one  on  the  left.  On  looking 
at  the  sectional  plan  the  reason  of  this  is  seen, 
for  the  section  being  now  on  the  horizontal  center 
line,  and  this  line  passing,  as  it  does,  through 
corresponding  points  on  the  right  and  the  left 
sides  of  the  vertical  center  line,  shows  that  where 
the  section  of  the  liner  is  now  made,  the  latter  is 
recessed,  and  hence  is  thinner  in  this  section 
than  in  the  preceding  one.  Thus,  by  following 
the  horizontal  center  line  in  the  plan  to  the  left 
through  the  sectional  plan  all  points  can  be  found 
corresponding  to  those  cut  by  the  section  line 
passing  along  to  the  right. 

In  the  sectional  elevation  it  will  be  noticed  that 
there  are  no  recesses  in  the  liner  as  there  were  on 
the  left-hand  side ;  which  points  out  that  they 
exist  only  where  the  liner  is  thickest.  In  this 
section,  also,  there  is  no  space  shown  between  the 
side  step  and  the  wedge.  Looking  at  the  sectional 
plan  and  picking  out  the  corresponding  point, 
namely,  the  point  where  the  horizontal  center 
line  cuts  the  outside  of  the  step,  it  will  be  seen 
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that  there  the  step  touches  the  wedge,  and  there- 
fore there  is  no  space  between  them,  and  so  none 
is  seen  in  the  sectional  elevation.  This  elevation 
shows,  also,  that  there  are  no  recesses  in  either 
the  cap,  casing,  or  the  steps,  for  there  is  only  one 
arc  instead  of  three,  as  on  the  other  side.  Also, 
on  careful  examination  it  will  be  seen  that  this 
single  arc  on  the  right-hand  side  is  a  continuation 
of  the  middle  one  on  the  left-hand  side  of  the 
center  line  ;  and  thus  shows  that  in  the  former 
section  the  upper  step  touches  the  cap  and  the 
lower  one  the  casing,  as  far  as  both  of  these 
extend.  Before  examining  the  wedge  it  should 
be  noticed  that  the  side  steps  have  the  same  slope 
as  the  wedges,  at  those  parts  where  they  bear  on 
the  latter.  Comparing  the  wedge  on  the  right 
with  that  on  the  left,  it  will  be  seen  that  the 
former  is  the  same  shape  as  the  latter,  thus  show- 
ing that  it  is  of  the  same  section  right  across. 
But  the  upper  part  of  this  wedge  on  the  right  has 
a  bolt  fixed  to  it,  which  passes  through  the  cap 
and  there  has  a  nut  and  check-nut  upon  it.  Look- 
ing in  the  plan  it  is  seen  that  the  section  line 
passes  through  the  bolt,  and  so  it  must  be  shown 
in  the  elevation  ;  here  again,  as  usual,  the  bolt  is 
in  outside  elevation  and  not  in  section,  as  it 
should  be,  strictly  speaking.  The  same  can  be 
said  of  the  nuts.  Next  following  the  wedge 
comes  the  pad,  which  is  exactly  the  same  shape 
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as  in  the  left-hand  elevation,  and  so  does  not  call 
for  any  further  remarks,  except  to  point  out  that 
this  shows  that  the  pad  also  is  of  uniform  section. 
Next  comes  the  casing,  and  here  the  increased 
thickness  behind  the  pad  can  more  easily  be  seen. 
This  thickening  as  has  been  explained,  is  to  form 
a  bearing  for  the  pad,  which  can  be  machined 
smooth ;  and  by  this  projecting  beyond  the  rest 
of  the  casing  it  alone  need  be  machined,  thereby 
saving  some  expense.  The  same  applies  to  the 
upper  part  of  the  casing  where  the  cap  fits  on. 
This  section  of  the  casing  is  in  that  part  of  the 
solid  metal  which  joins  up  the  tubes  through 
which  the  cap  bolts  pass  (this  can  be  clearly  seen 
in  the  half-sectional  plan),  and  therefore  no  bolt 
is  here  visible.  To  the  right  of  this  hatched 
section  the  outside  elevation  of  one  of  the  tubes 
can  be  seen ;  and  that  this  is  perfectly  correct  is 
shown  by  the  sectional  plan ;  for  here  the  cap 
bolts  are  on  either  side  of  the  horizontal  line  and 
some  distance  from  it.  Thus'  one  can  be  seen 
in  outside  elevation  when  the  section  is  on  the 
center  line.  At  the  lower  end  of  this  tube  can 
be  seen  the  head  of  the  bolt  which  passes  through 
it ;  and  as  the  bolt  is  a  tee-headed  one,  the  head 
in  this  view  is  no  wider  than  the  bolt  itself.  After 
this  the  outer  casing  of  the  bearing  is  reached, 
and  this,  as  is  seen,  slopes  gradually  downwards 
until,  with  a  sudden  sweep  round,  it  becomes  hori- 
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zontal.  Notice  that  nothing  of  this  can  be  seen 
in  the  plan.  In  this  horizontal  part  one  of  the 
holding-down  bolts  is  situated.  Around  this  bolt 
is  a  short  tube  cast  in  one  with  the  casing.  The 
latter  is  strengthened  considerably  around  the 
bolt-hole.  And  this  is  needful,  for  often  the  nuts 
on  these  bolts  are  screwed  down  very  tightly.  On 
the  outside  of  the  casing  round  the  bolt-hole  a 
boss  is  formed,  as  can  be  seen  in  the  sectional 
elevation.  This  is  done  that  a  convenient  surface 
to  screw  the  nut  down  upon  can  be  obtained. 
After  this  the  casing  suddenly  becomes  vertical 
and  then  as  suddenly  horizontal  again,  and  here 
broadens  out  into  a  flange  on  the  outside  of  the 
casing,  which,  together  with  another  flange  on  the 
inside,  forms  a  wide  base  for  the  bearing  to  rest 
on.  This,  of  course,  extends  all  the  way  round 
the  casing.  Not,  however,  that  the  bearing  itself 
requires  this,  but  the  foundation  on  which  it 
stands,  being  made  either  of  brick  or  of  concrete, 
would  probably  not  stand  the  load  which  such  a 
bearing  puts  upon  it  if  the  bearing  surface  were 
not  somewhat  extensive.  The  outer  flange  can 
be  seen  in  the  plan,  being  represented  by  the  two 
outside  lines  passing  round  the  plan  ;  while  the 
inside  flange  is  seen  in  the  sectional  elevations, 
being  shown  by  the  two  parallel  and  horizontal 
lines  across  the  bottom  of  the  bearing.  Nothing 
has  yet  been  said  about  the  hatched  part  in  the 
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middle  of  the  elevation,  which  extends  down  from 
that  part  of  the  casing  supporting  the  steps,  etc. 
This  then  is  a  rib  extending  across  the  bearing 
from  the  outer  casing  on  the  one  side  to  that  on 
the  other,  and  wThich  widens  out  into  a  flange  as 
shown.  This  rib  adds  greatly  to  the  strength  of 
the  inner  casing,  which  supports  the  steps,  etc., 
and  thus  assists  it  in  carrying  the  load  without 
distortion.  And  now  there  only  remains  the  cap 
to  be  examined.  The  outline  of  this  can  be  seen 
in  the  sectional  elevation  very  readily,  while  in 
the  plan  it  is  seen  to  be  as  wide  as  the  casing.  In 
the  elevations  it  is  seen  that  the  top  is  curved,  and 
that  this  curve  becomes  sharp  at  the  ends,  thus 
rounding  it  off.  Next  starting  from  the  left-hand 
side,  and  remembering  that  the  section  is  here 
taken  on  a  (horizontal  line  in  the  plan  through  the 
center  of  the  bolts,  first  the  bolt  passing  through 
a  clearing  hole  in  the  cap  is  seen ;  that  the  hole 
is  a  clearing  one  is  shown  by  the  white  spaces  on 
either  side  of  the  bolt.  Here,  also,  the  cap  fits  on 
the  inner  casing — but  more  of  this  when  the  right- 
hand  section  is  dealt  with,  for  there  it  can  be  seen 
more  plainly.  There  is  a  boss  on  the  top  of  the 
cap  for  the  nut  to  be  screwed  down  on.  This 
gives  a  flat  surface  which  could  not  otherwise  be 
obtained,  seeing  that  the  cap  is  curved  here.  The 
boss,  of  course,  is  shown  in  section,  for  the  section 
has  been  taken  through  the  middle  of  it.  It  must 
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be  remembered  that  soon  after  this  the  section 
plane  changes,  but  that  here,  as  in  the  other  part 
of  the  bearing,  no  line  is  drawn  to  show  where 
this  change  takes  place.  As  has  been  pointed  out 
it  serves  no  useful  purpose,  and  might  even  be 
misleading.  The  next  section  shows  the  recess  in 
the  cap,  as  has  already  been  explained,  and  it 
ends  at  the  vertical  center  line.  It  should  be 
pointed  out  that  the  section  of  the  oil  well  is  not 
correctly  shown.  It  is  drawn  as  though  it  were 
symmetrical  with  the  right-hand  section ;  which 
it  certainly  is  not,  for  the  plane  of  section  is 
behind  that  for  the  right-hand  portion,  If,  how- 
ever, it  were  drawn  correctly,  it  would  look  so 
very  odd,  that  for  preference  it  is  often  drawn  as 
shown.  Passing  on  towards  the  right — the  section 
now  being  on  the  horizontal  line  in  the  plan — the 
hole  through  which  the  bolt  holding  the  wedge  in 
place  passes  is  seen.  This  is  again  a  clearing  hole, 
as  can  be  seen  by  the  white  spaces  on  each  side  of 
the  bolt.  On  the  top  is  a  boss,  as  there  was  on 
the  other  bolt-hole,  and  for  exactly  the  same 
reason.  After  this  the  cap  again  fits  over  the 
enlarged  part  of  the  inner  casing.  It  will  be  here 
noticed  that  there  is  a  space  between  the  cap  and 
the  top.  of  this  enlarged  portion ;  again  this  is 
shown  by  a  white  space.  This  space  permits  the 
cap  to  grip  the  steps,  and  thus  prevent  them  from 
moving;  indeed,  this  is  the  function  of  the  cap, 
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and,  as  can  be  readily  understood,  it  could  not 
press  the  top  step  down  on  the  others  if  the 
bottom  of  the  groove  in  the  cap  rested  on  the 
top  of  the  enlarged  portion  of  the  inner  casing. 
Beside  the  boss  and  nuts  on  the  wedge-bolt  there 
is  seen  another  boss  and  nut ;  this  one,  however, 
is  an  outside  elevation,  and  thus  must  be  further 
back  than  the  boss  shown  in  section ;  otherwise 
it,  too,  would  be  in  section.  A  glance  at  the  plan 
shows  that  it  is  certainly  further  back  than  the 
boss  shown  in  section,  for  it  is  the  boss  for  one  of 
the  bolts  holding  the  cap  in  place.  Having  at 
last  completed  the  examination  of  this  drawing 
composed  of  part  sections,  it  can  be  seen  that, 
however  complicated  it  may  seem  at  first,  yet, 
when  analysed  bit  by  bit,  it  becomes  plain.  It  is 
usual  to  find  written  beneath  such  sections  such 
words  as  these:  "A  section  through  AB,"  or 
some  other  line  as  the  case  may  be.  When  this 
is  so  a  search  must  be  made  for  this  line,  so  that 
the  section  can  be  understood.  If,  however,  a 
section  is  shown  without  any  such  writing 
beneath,  it  may  be  assumed  that  it  is  a  section 
through  the  center  line  of  the  other  view.  Thus 
a  sectional  elevation  is  a  section  through  the 
center  line  of  a  plan,  and  a  sectional  plan  is  a 
section  through  the  center  line  of  an  elevation. 
A  drawing  of  this  kind  saves  much  valuable  time 
in  the  drawing  office,  for  two  other  complete 
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views  would  be  required  to  convey  the  informa- 
tion given  by  these  two. 

Another  method  of  saving  time  is  shown  in  Fig. 

13.     Here  the  front  and  back  elevations  of  a  part 

of  a  grip  clutch  are  shown,  while  below  there  is 

a  composite  view,  consisting  of  half  the  front,  and 

r 


Front   Elevation 


Back  Elevation 
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Side  e/e -ration 


Fig.    13- 

half  the  back  elevations.  Thus  on  the  left  of  the 
vertical  center  line  are  shown  lines  corresponding 
to  those  in  the  front  elevation,  while  on  the  right 
of  this  centre  line  can  be  seen  the  lines  corre- 
sponding with  those  in  the  back  elevation.  It 
can  be  quite  understood  that  such  views  can  only 
be  drawn  when  the  object  is  symmetrical  about 
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the  center  line,  that  is  to  say,  that  lines  appearing 
on  the  left  of  the  center  line  in  either  front  or 
back  elevation  appear  also  on  the  right  in 
corresponding  positions.  Sometimes  these  half 
views  are  drawn  a  slight  distance  apart,  instead 
of  making  one  view  of  them.  In  this  case,  each 
has  a  center  line  where  it  would  actually  be  if  the 
view  were  completed,  and  not  through  the  middle 
of  the  half  view.  The  side  elevation  or  the  plan 
drawn  with  these  composite  elevations  is  the 
actual  view  in  each  case,  and  not  that  of  the 
composite  view.  Thus  the  plan  in  Fig  14  would 
be  the  same  as  the  side  elevation,  which  is  shown, 
and  not  be  half  with  the  front  elevation  to  the 
bottom,  and  half  with  it  to  the  top,  as  it  would  be 
if  the  plan  of  the  composite  view  were  drawn. 
Thus  if  a  view  is  seen  which  is  unsymmetrical, 
and  from  the  other  views  it  can  be  ascertained  that 
this  unsymmetrical  view  is  really  two  views,  one 
from  either  side  of  the  object,  then  it  must  be 
understood  that  in  reality  the  object  is  sym- 
metrical about  its  center  line,  and  that  the  view 
has  thus  been  drawn  to  save  time. 

If  an  object  is  complicated  and  also  composed 
of  a  number  of  parts,  a  view  is  usually  drawn 
showing  the  object  with  the  various  parts  in  their 
proper  positions,  and  then  sets  of  other  views 
showing  each  part  separately.  The  first  view  is 
called  the  general  arrangement,  while  the  others 


are  called  details.  The  general  arrangement  is 
usually  an  elevation,  either  front  or  sectional, 
sometimes  a  plan  or  side  elevation  is  given  with 
it,  but  not  very  frequently.  The  details  are 
usually  shown  in  both  plan  and  elevation ; 
sometimes  a  side  elevation  or  a  section  is  added  if 
it  will  help  matters.  These  latter  are  fully 
dimensioned,  so  that  all  the  sizes  can  be  got  from 
them,  while  the  general  arrangement  has  only 
a  few  of  the  leading  dimensions  on  it,  and  indeed 
sometimes  none  at  all.  A  general  arrangement  of 
a  connecting-rod  end,  together  with  details  of  parts, 
is  shown  in  Figs.  14  and  14 A.  With  the  latter  are 
also  perspective  views,  so  that  their  shapes  can  be 
quickly  grasped.  Before  commencing  the  ex- 
amination of  these,  it  is  needful  that  a  brief 
explanation  be  given  of  the  use  of  a  connecting- 
rod  end,  so  that  the  reason  for  the  shape  of  each 
part  can  be  understood.  A  connecting-rod,  of 
which  the  connecting-rod  end  is  a  part,  is  the 
link  which  joins  the  crosshead  pin  to  the  crank- 
pin.  The  former  of  these  moves  backwards  and 
forwards  in  a  straight  line,  while  the  latter 
describes  a  circle.  And  as  for  the  connecting-rod, 
its  motion  is  very  complicated,  partaking  as  it 
does  of  both  the  straight  line  and  circular  motions, 
(see  "  How  a  Steam  Engine  Works,"  No  5  in  this 
series).  To  enable  the  connecting-rod  to  do  this 
it  must  have  a  hole  at  both  ends,  the  one  fitting 
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Fig.  14.     Perspective  of  pares  or  oouneutmg-rod  end. 
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on  the  crosshead  pin,  and  the  other  on  the  crank- 
pin.  Often  the  situation  of  one  or  both  of  these 
pins  is  such  that  this  hole  must  be  made  in  two 
pieces  of  metal,  so  as  to  be  half  in  the  one  piece  and 
half  in  the  other.  Then  these  must  be  clamped 
together  in  place.  At  the  same  time  it  is 
convenient  to  take  up  the  wear,  that  is  to  say,  to 
make  the  hole  smaller  as  it  gets  bigger  by  wear ; 
being  in  two  parts  facilitates  this.  This,  then,  is 
what  a  connecting-rod  end  is,  a  hole  at  the  end 
of  the  rod.  Returning  then  to  Figs.  14  and  14A, 
the  brasses  (a  a]  will  first  be  examined,  they 
being  the  principal  part,  for  they  contain  the  hole 
and  all  the  rest  is  but  a  means  of  fixing  them  to 
the  connecting-rod.  These  brasses  are  drawn  a 
short  distance  apart  to  show  that  they  are  separate. 
The  hole,  then,  is  of  2  inches  radius,  that  is  4 
inches  diameter,  and  in  blocks  of  metal  solid  up 
to  the  dotted  lines.  Beyond  these  there  are  two 
flanges,  one  on  either  side  of  the  brasses,  as  can 
be  seen  in  plan,  and  also  in  perspective  view. 
They  are  \  inch  thick,  and  f  inch  high.  This 
latter  dimension  is  the  difference  between  3f 
inches  (see  elevation),  the  dimension  from  the 
center  line  to  the  outside  or  the  flange ;  and 
2f  inches  (see  plan),  the  dimension  from  the 
center  line  to  the  bottom  of  the  flange.  This  is 
a  very  common  method  of  giving  dimensions, 
namely  all  from  one  fixed  line,  which  is  usually  a 
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center  line.  It  should  be  noticed  that  the  dotted 
lines  in  the  elevation  are  the  bottom  of  the 
flanges.  These  flanges  are  to  prevent  the  brasses 
moving  sideways.  Coming  next  to  the  strap, 
which  is  a  U-shaped  piece  of  metal  (b)  thickened 
up  at  the  ends,  as  can  be  seen  in  the  elevation, 
and  of  uniform  width,  which  can  be  seen  in 
the  plan.  Each  thickened  portion  is  pierced 
with  a  rectangular  hole,  shown  as  a  rectangle  in 
the  plan  and  by  dotted  lines  in  the  elevation. 
And  indeed  it  is  because  of  these  holes  that  the  legs 
are  thickened  up,  for  otherwise  the  strap  would  be 
weaker  here  than  elsewhere.  They  are  4J  inches 
long  by  -J  inch  wide,  as  is  shown  in  the  plan,  and 
pass  right  through  each  leg  as  shown  in  the 
elevation. 

Dealing  now  with  the  other  dimensions  given 
for  the  strap,  firstly,  it  will  be  seen  that  the 
distance  between  the  legs  is  the  same  as  the 
distance  across  the  solid  portion  of  the  brasses, 
namely,  4J  inches ;  also,  that  the  curves  at  the 
junctions  of  the  legs  with  the  cross-piece  have 
the  same  radius  as  those  on  one  of  the  brasses 
(although  only  one  corner  is  dimensioned,  yet  it 
is  to  be  understood  that  the  other  one  is  of  the 
same  size,  otherwise  another  dimension  would  be 
given) .  The  width  of  the  strap  is  the  same  as  the 
distance  between  the  flanges,  namely,  4  inches. 
Because  of  all  these  corresponding  dimensions,  it 
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may  be  inferred  that  the  strap  fits  over  the 
brasses,  and,  moreover,  that  the  latter  fit  against 
the  cross-piece,  which,  in  fact,  is  the  case,  as  can 
be  seen  in  the  general  arrangement.  Now  it 
can  be  seen  how  the  flanges  prevent  the  brasses 
from  moving  sideways,  for  they  embrace  the 
strap.  When  the  brasses  are  in  their  proper 
place  in  the  strap,  it  will  be  found  that  they  do 
not  extend  up  to  the  end  of  the  latter,  for  the  sum 
of  their  lengths  is  only  5J  inches  (2f +  2-f  inches), 
while  the  strap  is  13 J  inches  long.  So  a  search 
must  be  made  for  yet  another  part  to  fit  into  the 
strap.  Examining  the  other  details,  it  is  found 
that  the  stub  end  of  the  connecting  rod  (c)  is 
4J  inches  deep,  which  is  the  width  between  the 
legs  of  the  strap,  and  also  it  is  4  inches  wide, 
which  is  also  the  width  of  the  strap ;  so  it  may  be 
assumed  that  this  also  fits  into  the  strap,  as  the 
general  arrangement  shows.  Notice,  also,  that 
this  stub  end  has  a  rectangular  hole  in  it  of  the 
same  size  as  those  in  the  strap,  and  that  it  extends 
through  the  stub  end,  as  is  shown  by  the  dotted 
lines  in  the  elevation.  So  that  when  the  stub  end 
is  in  its  place  in  the  strap  there  will  be  a  clear 
way  through  both.  Into  this  hole  it  may  be 
guessed  the  cotter  (d)  and  gib  (e)  fit,  which  is 
practically  confirmed  when  it  is  found  that  their 
thickness  is  the  same  as  the  width  of  the  holes  in 
the  strap  and  stub  end.  Examining  first  the 
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gib  (e),  it  will  be  seen  that  it  consists  of  a  flat 
piece  of  metal  having  two  heads,  1  inch  high  and 
8  inches  apart.  The  side  between  the  heads  is 
seen  to  be  parallel  with  the  center  line,  while  the 
other  slopes,  so  that  the  gib  is  thinner  at  one  end 
than  it  is  at  the  other.  The  dimensions  show 
that  it  is.  If  inches  under  the  head  at  one  end  and 
2  inches  at  the  other.  Thus  it  tapers  J  inch  in 
8  inches  length,  which  is  the  same  as  1-32  inch  in 
1  inch  (for  divide  each  by  8,  thus — 
Jv8=JXi=l-32  ins.,  and  84-8  =  ^x^  =  1  in). 
This  is  often  written  "taper  of  1  in  32.  " 
There  is  sometimes  a  difficulty  in  understanding 
this  latter  expression.  It  will  become  clear,  how- 
ever, by  examining  Fig.  15.  Here  is  shown  a 
taper  of  1  in  8,  and  for  convenience  we  will  speak 
of  the  units  as  inches,  although  all  will  be  equally 
true  for  feet,  or  even  millimetres.  It  will  be  seen, 
then,  that  the  upper  figure  has  two  lines  starting 
from  the  same  point — one  of  which  is  horizontal, 
the  other  rises  higher  and  higher  at  a  uniform 
rate  as  it  recedes  from  the  starting  point.  At  a 
distance  marked  8  inches  on  the  horizontal  line, 
the  sloping  line  is  1  inch  above  the  former.  This 
then  is  spoken  of  as  a  taper  of  1  in  8.  If  the 
horizontal  distance  were  16  inches,  then  the 
sloping  line  would  have  reached  a  point  2  inches 
above.  For  8x2  =  16  and  1x2  =  2,  and  so  on; 
thus  whatever  8  is  multiplied  by,  1  must  be 
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multiplied  by  the  same  quantity.  Also  the  taper 
is  the  same  if  the  lines  do  not  start  from  one 
common  point.  This  is  shown  in  the  lower  figure. 
Here  the  lines  start  with  a  distance  of  1  inch 
between  them,  and  at  the  end  of  the  8  inches 
there  is  2  inches  between  them.  Thus  1  inch 
has  been  gained,  and  therefore  the  taper  is  1  in  8 
as  before.  Hence  the  rule,  "Having  given  the 
taper,  divide  the  length  of  the  object  by  the 


Fig.  15.     Tapers  of  one  in  eight. 

quantity  following  '  in  '  given  as  the  taper,  and 
the  quotient  is  the  difference  between  the  dimen- 
sions across  the  ends  of  this  length."  Thus, 
suppose  the  length  to  be  1  foot  1  inch  and  the 
taper  1  in  32  ;  the  quantity  following  "  in  "  is  32; 
therefore,  divide  13  inches  (which  is,  of  course, 
the  same  as  1  foot  1  inch)  by  32.  This  is  13-32* 
inches,  which,  as  stated  in  the  rule,  is  the 
difference  between  the  dimensions  at  the  ends  of 

*  13-32  means  thirteen  thirty-seconds,  but  for  convenience  is  written  in  figures, 
with  either  a  horizontal  or  a  sloping  dash  between. 
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this  13  inches.  And  thus,  if  the  width  at  the 
narrower  end  is  already  \  inch,  the  width  at  the 
broader  one  is  J+ 13-32  inch =29-32  inches.  Some- 
times the  taper  is  stated  at  so  much  per  foot. 
Take  &  inch  per  foot  as  an  example.  This  is  the 
same  as  1  in  96,  for  it  is  H  inch  in  12  inches,  and 
multiplying  each  by  such  a  quantity  as  will 
convert  the  first  into  unity — in  this  ca.se  by  8 — 
then  1  in  96  (12x8)  is  obtained  as  stated. 

Returning  now  to  the  drawing,  and  examining 
the  cotter,  it  will  be  found  that  also  has  one  side 
parallel  to  the  center  line  and  the  other  tapering. 
It  is  stated  that  the  taper  is  1  in  32  which  is 
exactly  the  same  as  that  on  the  gib.  And  from 
this,  and  the  dimension  of  the  narrow  end,  the 
width  across  the  broad  end  can  be  found.  Thus 
the  length  is  1  foot  3  inches,  that  is  15  inches, 
and  dividing  this  by  32,  32  inches  is  obtained,  and 
as  the  width  of  the  narrow  end  is  2  inches,  then 
that  of  the  other  end  is  2  ^  inches. 

The  only  other  thing  to  notice  about  this 
cotter  is  that  there  is  a  groove  in  it  4  inches  long 
f  inch  wide,  and  £  inch  deep.  About  this,  it 
should  be  pointed  out  that  as  far  as  the  drawing 
shows  there  might  be  a  hole  4  X  f  inches  right 
through  the  cotter,  instead  of  only  a  groove  £ 
deep.  The  last  detail  to  be  dealt  with  is  the 
small  bolt  shown  on  the  drawing.  It  is  called  a 
set  screw  and  is  used  to  hold  the  cotter  in  place. 
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To  do  this  it  is  screwed  through  a  tapped  hole  in 
the  strap,  and  then  pressing  on  the  cotter 
forces  it  "tight  against  the  back  of  the  hole 
through  which  the  latter  passes.  So  that  the 
set  screw  can  be  withdrawn  out  of  the  hole  after 
having  been  screwed  down  so  tightly,  that  the  end 
is  flattened  out,  the  thread  is  turned  off  at  the  end 
and  its  diameter  reduced  below  that  at  the  bottom 
of  the  thread.  Also  when  it  is  screwed  against 
the  cotter  it  is  apt  to  burr  the  latter,  and  that 
is  the  reason  for  the  groove  in  the  cotter,  because 
then  the  burr  is  formed  at  the  bottom  of  the 
groove,  and  thus  does  not  prevent  the  cotter 
from  being  drawn  out  of  its  hole. 

Coming  next  to  the  general  arrangement, 
it  has  already  been  found  that  the  strap  embraces 
the  brasses  and  the  stub  end,  also  that  the  gib 
and  cotter  pass  through  both  strap  and  stub  end. 
On  this  view  it  should  be  first  noticed  that  the 
center  lines  cross  one  another  at  the  center  of 
this  hole,  and  that  some  of  the  dimensions  are 
given  from  these  center  lines.  Next  it  will  be 
seen  that  much  is  covered  up  by  the  various  parts 
and  that  dotted  lines  are  used  to  show  this. 
Thus  the  flanges  on  the  brasses  entirely  hide  the 
inner  part  of  the  strap,  and  also  a  greater 
part  of  both  the  gib  and  cotter  are  hidden  by  the 
stub  end  and  strap.  Notice  how  the  former  fit 
into  the  latter.  The  gib  fits  close  against  the 
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end  of  the  holes  in  the  strap,  while  the  cotter  fits 
close  against  the  gib  and  against  the  stub-end. 
And  at  the  same  time,  there  is  a  space  between 
the  ends  of  the  holes  in  the  strap  and  the  cotter, 
and  also  between  the  gib  and  the  end  of  the  hole 
in  the  stub  end.  This  is  very  important,  for  as 
the  cotter  is  driven  downward  it  tends  to  push 
the  gib  over  toward  the  end  of  the  hole  in  the 
stub-end.  The  gib  carries  with  it  the  strap,  for 
it  is  tight  against  the  latter,  and  the  strap  carries 
with  it  the  outer  brass.  This  action  closes  the 
brasses  together  and  when  this  is  done  it  jams 
the  inner  brass  against  the  end  of  the  stab  end. 
And  thereby  the  hole  is  made  practically  solid 
with  the  connecting-rod.  The  dimensions  on 
this  general  arrangement  are  for  the  most  part 
the  same  as  those  on  the  details ;  and  even 
when  they  are  not  just  those  required  the  details 
can  be  obtained  from  them.  Thus,  the  length  of 
the  hole  in  the  stub-end  is  not  given  ;  but  the 
width  of  the  cotter  and  gib  taken  together  is,  and 
also  the  space  between  the  gib  and  the  end  of  the 
hole,  so  that  if  these  be  added  together  the  length 
of  the  hole  is  obtained,  namely  4j-  inches.  If  a 
plan  be  placed  beneath  this  general  arrangement, 
and  the  dimensions  shown  on  this  for  the  width 
of  the  various  parts,  then  from  these  two  views 
all  the  details  could  be  made;  although  for  any- 
one who  had  not  seen  a  connecting-rod  end  the 
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details  would  certainly  be  easier  to  follow. 
On  the  drawing  it  is  seen  that  the  various  parts 
are  dimensioned  as  so  many  inches,  yet  it  is  quite 
clear  that  they  are  not  so  here.  It  has  been 
drawn  to  what  is  known  as  another  scale  than 
full  size.  That  is  to  say,  a  part  of  an  inch  has 
been  chosen  to  represent  an  inch,  and  the  drawing 
has  been  made  to  this  new  inch.  Thus,  if  it  were 
made  to  a  scale  of  3  inches  equal  1  foot,  then 
each  inch  would  be  drawn  the  length  which  is 
actually  J  inch.  If  6  inches  equals  1  foot  then  it 
would  be  half  full  size,  and  \  inch  of  a  rule  would 
measure  1  inch  on  the  drawing.  However,  even 
when  the  scale  is  given  to  which  the  drawing  has 
been  made,  it  is  not  safe  to  use  it  on  either  a  blue 
or  white  print.  That  this  is  so  will  be  understood 
after  the  following  brief  description  of  the  making 
of  a  blue  print.  A  drawing  is  first  made  with  a 
lead  pencil  on  drawing  paper.  Then  over  this  a 
piece  of  tracing  paper  is  stretched,  and  the  draw- 
ing carefully  inked-in  on  it  by  tracing  over  the 
drawing  beneath.  This  is  called  a  tracing.  This 
tracing  is  next  put  in  a  frame,  called  a  printing 
frame,  and  behind  it  is  placed  a  piece  of  paper,  on 
the  surface  of  which  are  certain  chemicals  that 
are,  among  other  things,  soluble  in  water ;  but 
after  being  exposed  to  the  light  they  become  in- 
soluble. Then  the  frame  and  contents  are  exposed 
to  the  light.  The  tracing  paper  being  semi- 
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transparent  allows  the  light  to  pass  through  it, 
but  where  the  ink  is  no  light  can  pass.  This  light 
then  acting  on  the  chemicals  on  the  surface  of  the 
prepared  paper  changes  them,  and  renders  them 
insoluble  ;  while  in  those  parts  of  the  paper  which 
are  protected  from  the  light  by  the  ink  on  the 
tracing  paper  the  chemicals  remain  soluble.  After 
this  the  prepared  paper  is  taken  out  of  the  frame 
and  soaked  in  water.  Then  the  chemicals  are 
washed  out  of  the  paper  from  those  parts  where 
they  still  remain  soluble — that  is,  where  the  ink 
on  the  tracing  kept  the  light  from  the  paper  ; 
while  all  the  rest,  having  been  rendered  insoluble 
by  the  light,  is  untouched  by  the  water  but  turns 
an  intense  blue.  Thus  white  lines  on  a  blue 
ground  are  obtained.  Also,  if  a  white  print  is 
made,  a  similar  but  more  complicated  process  has 
to  be  gone  through.  Lastly,  after  having  been 
thoroughly  washed,  the  print  is  dried.  This  is 
sometimes  done  before  a  fire.  The  paper,  after 
being  soaked  through  and  then  dried,  is  apt  to 
shrink ;  and  therefore,  however  carefully  the 
drawing  and  tracing  may  have  been  drawn  to 
scale,  the  making  of  the  print  spoils  all,  in  as  far 
as  the  obtaining  the  correct  measurements  are 
concerned.  Trust  then  to  the  dimensions  given, 
and  enquire  of  someone  in  authority  for  those 
which  cannot  be  found. 


JOHN  TAYLOR,  Printer,  24,  Gray's  Inn  Road,  Holborn,  W.C. 
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Model  Yachts  and  Boats.  By  J.  Du  V.  Grosvenor.  Giving  their  Designing, 
Making  and  Sailing.  Illustrated  with  118  designs  and  working  diagrams.  la 
Leatherette.  Postage  3d.  ...  ...  ...  ...  ...  2s.  6d. 

Amateur's  Companion  to  the  Workshop.  Being  a  Collection  of  Practical 
Articles  and  Suggestions  for  the  use  of  Amateur  Workers,  with  some  details 
as  to  construction  of  Electrical  and  other  Models  and  Apparatus.  Illustrated. 
Postage  3d Is.  6d. 

Model  Steam  Engine  Design.  By  R.  M.  de  Vignier.  Illustrated.  Post- 
age lid.  ...  ...  is.  6d. 

A.  B.  C.  of  the  Steam  Engine.   By  J.  P.  Lisk.  With  6  Plans.  Post  IJd.     Is.  6d. 

Building  Model  Boats.     By  P.  N.  Hasluck.     Illustrated.     Postage  2d.    is.  Od. 

Repouise  Work  for  Amateurs.  By  L.  L.  Haslope,  showing  the  Art  of  Orna- 
menting thin  Metal  with  Raised  Figures.  Illustrated.  In  Paper.  Postage 
2d  ...  ...  ...  is.  Od. 

Working  in  Sheet  Metal.  By  the  Rev.  J.  Lukin,  B.A.  Being  practical  instruc- 
tions for  making  and  mending  small  articles  in  tin,  copper  and  iron,  zinc  and 
brass.  Illustrated.  Third  Edition.  In  paper.  Postage  Id.  ...  Is.  Od. 

Model  Engineer's  Handybook.  By  Paul  N.  Hasluck.  A  Practical  Handbook 
on  the  Construction  of  Model  Steam  Engines.  With  upwards  of  100  Illustra- 
tions. 144  pages.  Svo.  Cloth.  Postage  3d.  ...  ...  ...  Is.  Od. 

Model  Sailing  Yachts.  How  to  Build,  Rig,  and  Sail  Them.  Edited  by 
Percival  Marshall,  A.I.Mech.E.  A  practical  handbook  for  Model  Yachts- 
men.  Illustrated.  Postage  3d ...  ...  M  Is.  Gd. 

Model  Gliders :  How  to  Make  and  Fly  Them.  By  E.  W.  Twining.  Beauti- 
fully coloured  Birds  and  Butterflies  to  make  into  Gliders.  Post  2d.  Is.  Od. 

Simple  Mechanical  Working  Models  :  How  to  make  and  use  them.  Edited 
by  Percival  Marshall,  A.LMech.E.  Gives  Instructions  for  making  Model 
Water  Motors,  Model  Hot-air  Engine,  Cardboard  Working  Model  Locomo- 
tives, Model  Gravitation  Railway,  etc.  Fully  Illustrated.  Postage  Id.  6d. 

Machinery  for  Model  Steamers.  Edited  by  Percival  Marshall,  A.I.Meoh.E. 
A  Practical  Handbook  on  the  Design  and  Construction  of  Engines  and  Boilers 
for  Model  Steamers,  the  Use  of  Liquid  Fuel,  and  the  Proportions  of  Machinery 
for  Model  Boats.  Fully  Illustrated.  Postage  Id.  ...  ...  6d. 

Model  Steamer  Building.  Edited  by  Percival  Marshall,  A.I.Meoh.B.  A 
Practical  Handbook  on  the  Design  and  Construction  of  Model  Steamer  Hulls 
and  Fittings.  Fully  Illustrated.  Postage  Id.  ...  ...  6d. 

Model  Steam  Turbines  :  How  to  Design  and  Build  Them.  Fully  Illustra- 
ted. Postage  Id.  ...  ...  ...  ...  ...  ...  6d. 

Model  Steam  Engines  :  How  to  Understand  Them  and  How  to  Use  Them. 
Postage  Id 6d. 

Models  for  Engineering  Students. 

Working  Models,  f"  X  "  Series),     Prepared  by  T.  &  T.G.  Jones. 

Model  No.  1.  Complete  in  box,  with  book  of  Notes  and  short  Essay  on  the 

Steam  Engine.      Postage  3d.       ...  ...  ...  ...  2s.  6d. 

Model  No.  2.    Complete  in  box,  with  book  of  Notes  and  short  Essay  on  the 

Steam  Engine.    Postage  3d.         ...  ...  ...  ...  Ja    Od. 

Nos.  1  and  2.     Complete  in  box,  with  Notes.    Postage  3d         ...  SB.  Od. 

Working  Models.  By  T.  &  T.  G.  Jones.  Series  1  &  2  show  at  a  glance  the 
working  of  the  various  Types  of  Slide  Valves  used  in  modern  Steam  Engines. 
Bight  Cardboard  Models,  in  box  with  full  explanations.  Postage  2d.  2s.  6d. 
Series  3.  Comprising  6  Cardboard  Models  of  modern  High  Speed  Engines 

specially  constructed  for  driving  Dynamos.    Complete  in  box,  with  full 

explanatory  notes.      Postage  3d....  ...  ...  ...  5s.  Od. 

^Descriptive  Geometry  Models.     By  Thomas  Jones,  Gold  Medallist. 

Series  No.  1.     Six  Models  with  descriptive  letterpress  and.  40  Problems  for 

Solution.      Postage  Id.     ...  ...  ...  ...  ...  Is.  3d. 

Series  No.  2.      Six  Models  with  descriptive  letterpress  and  40  Problems  for 

Solution.      Postage  Id.    ...  ...  ...  ...  ...  Is.  3d. 

Series  1  and  2,  in  one  volume.    Postage  1  id.   ...  ...  ...  2s    Od. 
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Motor  Cars  and  Cycles. 

F-irol  Motors  and  Motor  Cars.  By  T.  Hyler  White,  A.M.I.M.E.  A  Hand- 
book for  Engineers'  Designers  and  Draughtsmen.  Cloth.  Illustrated? 
Postape  3d.  4s.  6d. 

Complete  Hints  and  Tips  for  Automobilists.  From  The  Autocar.  478 
suggestions  for  repairs,  &c.  Postage  3d.  ...  ...  ...  2s.  6d. 

The  Modern  Motor  Car.  Its  Management,  Mechanism  and  Maintenance. 
By  W.  Galloway  Duncan,  M.I.M.E.  Illustrated  Postage  3d.  2s-  6d. 

The  Motor  Cyclist's  Handbook.     By  Phoenix  (C.  S.  Lake).    The  book  for 

Motor    Cyclists.     Over   200    Illustrations,  264   pages  and   10  pages   Index. 

Postage  3d.  2s.  Od. 

Magnetos  lor  Automobilists.  How  made  and  how  used.  By  S.  R.  Bottone. 
Postage  3d 2s.  Od. 

Carburetters  and  Carburation.  By  Douglas  Leechman.  Many  different 
types  are  explained  and  Illustrated.  Postage  3d.  ...  ...  2s.  Oa. 

Ignition  Devices.  For  Gas  and  Petrol  Motors.  By  S.  R.  Bottone.  A  chapter 
treats  specially  of  Structural  Details,  Choice  and  Management  of  Automobiles* 
Illustrated.  Postage  3d Is.  «d. 

Electric  Ignition  for  Motor  Vehicles.  By  W.  Hibbert,  A.M.I.E.E.  Give* 
particulars  of  some  systems,  faults,  &c.  Illustrated.  Postage  2d.  18.  •«. 

The  Autocar  Handbook.  A  Guide  to  the  Motor  Car.  How  to  Select. 
Maintain  and  Drive  an  Automobile.  Illustrated.  Postage  3d.  Is.  6d. 

The  Motor  Manual,  A  practical  handbook  dealing  with  the  working  principles, 
management,  etc.,  of  petrol  cars.  160  illustrations.  Postage  3d.  is.  od. 

Systems  of  Electric  Ignition  for  Motor  Cars.  By  Douglas  Leechman. 
Ill  Illustrations.  Describes  many  different  types.  Postage  3d.  Is.  6d. 

The  Motor  Cycle  Route  Book  for  the  British  Isles,  with  Maps.  Postage 
3d is.  «d. 

Motor  Boats  Simply  Explained.  By  John  Douglas.  Well  illustrated.  Post- 
age 3d.  Is.  Od. 

Cycle  Building  and  Repairing.  Prepared  under  the  direction  of  P.  N.  Hasluok. 
A  Practical  Manual,  with  142  Illustrations.  Cloth.  Postage  2d.  Is.  Od." 

Petrol  Motors  Simply  Explained.  By  T.  H.Hawley.  Describes  the  prin- 
ciples on  which  Petrol  Motors  work,  with  hints  on  driving.  Illustrated. 
Postage  3d.  Is.  Od. 

"The  Car  "  Encyclopaedia  of  Component  Parts,  Motoring  Definition* 
and  Terms.  Postage  2d.  ...  ...  ...  ...  ...  Is.  Cd. 

Practical  Motor  Car  Repairing.  A  Handbook  for  motor  car  owners  and 
drivers.  Illustrated  Postage  3d.  ...  ...  ...  ...  is.  Od» 

The  Art  of  Driving  a  Motor  Car.     By  Lord  Montague.  Postage  2d.     is.  Od. 

Motor  Car  Mechanics  for  Beginners.     By  G.  Foster  Pedley.     Postage  2d. 

is.  Od. 

The  Care  of  the  Car  and  How  to  Drive  It.  By  Lord  Montagu  and  R.  J. 
Mecredy.  Postage  2d Is.  Od. 

Motor  Cycles  and  How  to  Manage  Them.  Fourteenth  edition.  Post.  2d.  is.  Od. 

Hints  and  Tips  for  Motor  Cyclists.  From  "The  Motor  Cycle."  262  well 
indexed  Hints  and  Tips.  Postage  2d.  ...  ...  ...  Is.  Od. 

Th«  Petrol  Engf ne.     Troubles  and  Remedies.    By  C.  W.  Brown.    Postage  2d. 

is.  od, 

How  to  Build  a  Petrol  Motor.  By  James  F.  Gill.  Well  Illustrated, 
Postage  2d.  ... 

Pumps  and  Hydraulic  Engineering 

Practical  Handbook  on  Pump  Construction.  By  P.  R.  Bjorling.  Second! 
Edition.  9  Plates.  Crown  8vo.  Postage  4d.  ...  ...  Is.  Od. 

Centrifugal  Pumps,  Turbines,  and  Water  Motors.  By  Chas.  H.  Innes, 
M.A.  Including  the  Theory  and  Practice  of  Hydraulics  (specially  adapted 
for  Engineers).  Third  Edition.  Crown  8vo.  Postage  4d.  ...  4s  6d 

Not**  on  the  Construction  and  Working  of  Pumps.  By  Edward  C.  R. 
Marks,  A.M. I.C.E.,  M.I.M.E.  Crown  8vo.  Postage  3d.  ...  4s.  6d. 

Pumps  and  Pumping.  By  M.  Powis  Bale,  M.I.M.E.  A  handbook  for  Pump 
Users.  Being  Notes  on  Selection,  Construction,  and  Management.  Fourth 
Edition.  Crown  8vo.  Cloth.  Postage  3d.  ...  ...  ...  *»•  6d 
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Reference  and  Pocket  Books, 

Engineer's  Sketch  Book  of  Mechanical  Movements.     By  T.  W.  Barber. 

Fourth  Edition,  with  2,603  Illustrations.  348  pages.  8vo.  Postage  4d.     10 a.  6d. 

A  Pocket  Book  for  Mechanical  Engineers.  By  David  Allan  Low,  M.I. M.B. 
With  over  1,000  specially  prepared  Illustrations.  Fcp.  8vo.  Gilt  edges- 
rounded  corners.  Postage  3d. ...  ...  ...  ...  7s.  6d 

Lockwood's  Dictionary  of  Mechanical  Engineering  Terms.  By  J.  G. 
Homer,  A.M.I.M.E.  Comprising  upwards  of  6,000  definitions.  Third 
Edition,  revised,  with  additions.  Embracing  those  current  in  the  Drawing 
Office,  Pattern  Shop,  Foundry,  Fitting,  Turning,  Smiths'  and  Boiler  Shops, 
etc.,  etc.  Crown  8vo.  Cloth.  Postage  4d.  ...  ...  7s.  «d. 

Wannan's  Marine  Engineer's  Pocket  Book.  By  A.  C.  Wannan,  G.H. 
Containing  latest  Board  of  Trade  Rules  and  Data  for  Marine  Engineers. 
Third  Edition,  revised,  enlarged,  and  up-to-date.  Square  18mo.,  with  Thumb 
Index.  Leather.  Postage  3d. Is.  Od. 

The  Mechanical  Engineer's  Pocket  Book.  By  D.  Kinnear  Clark,  M.Inst.C.B. 
Fifth  Edition,  thoroughly  revised  and  enlarged,  by  H.  H.  P.  Powles, 
A.M.I.C.E.,  M.I. M.B.  Comprising  Tables,  Formulae,  Rules,  and  Data.  A 
handy  book  of  reference  for  daily  use  in  Engineering  Practice.  700  pages. 
Bound  in  flexible  leather  cover,  rounded  corners.  Small  8vo.  Postage 
4d-  ...  ...  ...  ...  ...  ...  «s.  Od. 

The  Engineers'  Pocket  Dictionary,  French— English.  By  M.  Lvoff. 
Pocket  size.  Words  used  in  Mechanical  and  Electrical  Engineering-  Motor 
Car  and  Cycle  Building.  Postage  Id.  ...  ...  ...  Is.  6d. 

Roofing  by  the  iron  Square.    By  Frank  Nicholls.    Postage,  Id.  is.  od. 

Miscellaneous. 

Model   Balloons  and  Plying  Machines.     By  J.  H.  Alexander,  M.B.A  I.E.E. 

Numerous    illustrations    and    five    sheets    of    working    drawings.        Cloth. 

Postage  3d 3s.  6d. 

Radium  and  other  Radio-Active  Elements.  By  L.  A.  Levy  and  H.  O. 

Willis.     A  popular  account  of  Radium  treated  experimentally.    Crown  8vo. 

Illustrated  with  drawings  and  20  full-page  plates.  Postage  3d.  2s.  6d, 

Practical  Kites  and  Aeroplanes.  How  to  make  and  work  them.  By  Frederick 

Walker,  C.E.    A  Practical  Work  on  the  Construction  and  Use  of  Kites  aad 

Aeroplanes.    Illustrated.    Postage  2d.  ...  ...  ...  Is,  6d. 

Talking  Machines  and  Records.  A  Handbook  for  all  who  use  them.  By 

S.  R.  Bottone.    Illustrated  with  examples  of  different  types  of  instruments 

with  full  instructions  for  making  a  simple  phonograph.  Postage  2d.  Is.  «d. 
The  Gyroscope.  By  V.  E.  Johnson.  Contains  part  of  articles  from  The 

Model  Engineer.    Postage  l|d.  ...  ...  ...  ...          Is.  6d. 

Model  Aeroplanes.  H -»w  to  Build  and  Fly  Them.  By  E.  W.  Twining. 

Contains  five  large  sheets  of  working  drawings  with  Book  giving  instructions 

for  building  three  different  Aeroplanes.     Postage  2d.  ...  ...  is.  0<1. 

The  Aeroplane  Portfolio.  Contains  nine  sheets  of  scale  drawings  of  Aero- 
planes with  book  describing  the  machines  and  giving  details  of  best  flights 

made.     Postage  2d.    ...  ...  ...  ...  ...  ...  Is.  Od. 

Practical  Bookbinding.  By  W.  B.  Pearce.  Intended  for  those  who  wish  to 

do  their  own  Bookbinding.  Illustrated.  Postage  3d.  ...  Is.  Od. 

Flying  Machines,  past,  present  and  future.  By  A.  W.  Marshall  and  H. 

Greenly.  23  plates  and  other  illustrations.  Paper.  Postage  2d.  is.  Od. 
Flying:  The  Why  and  Wherefore.  Illustrated.  Postage  ifd.  ...  is.  Od. 
Model  Flying  Machines.  Their  Design  and  Construction.  By  W.  G.  Aston. 

Well  illustrated  and  practical.     Postage  3d.     ...  ...  ...  Is.  Od. 

What  a  Business  Man  ought  to  Know.  Being  the  Daily  Business  Life  in  a 

Merchant's  Office.     Postage  2d.  ...  ...  ...  ...  Is.  Od. 

Letters  that  bring  Business.  By  the  Author  of  What  a  Business  Man  ought 

to  Know.    Postage  2d.  ...  ...  ...  ...  ...          Is.  Od. 

Systematic  Memory.  Or  How  to  Make  a  Bad  Memory  Good  and  a  Good 

Memory  Better.    By  Thos.  Maclaren.    Postage  2d.      ...  ...  is.  t  d. 
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How  to  do  More  Business.     Postage  2d Is.  Od. 

Optical  Instruments  Simply  Explained.  Describes  the  principles  and  work- 
ing of  some  of  the  Optical  Instruments  in  general  use.  Postage  Id.  6d. 

Simple  Photographic  Experiments.     Postage  Id.       ...  ...  «d- 

Simple  Chemical  Experiments.     Postage  Id.  ...  ...  «d- 

Patents  Simply  Explained.  A  simple  guide  to  the  patenting  of  Inventions  and 
registration  of  Trade  Marks  and  Designs.  Illustrated.  Postage  Id.  6d. 

Windmills  and  Wind  Motors,  How  to  Build  and  Run  Them.  By  F.  E. 
Powell.  Well  illustrated.  Postage  Id ...  ...  6d. 

Simple  Scientific  Experiments.  By  Aurel  De  Ratti.  Describes  Forty-six 
instructive  Experiments  in  Electricity,  Magnetism,  Hydraulics,  Hydrostatics. 
Light,  and  Acoustics.  Fully  Illustrated.  Postage  Id.  ...  6d. 

Steam  Engineering. 

The  Steam  Turbine.  By  Robert  M.  Neilson,  Wh.  Ex.,  A.M.I.M.B.  With 
145  Illustrations.  8vo.  Postage  4d.  ...  ...  ...  ...  15s.  Od. 

A  Text  Book  on  Steam  and  Steam  Engines.  By  Prof.  Jamieson,  For 
tne  Use  of  Students  Preparing  for  Competitive  Examinations.  With  over  800 
pages  and  many  Illustrations,  6  folding  Plates,  and  numerous  Examination 
Papers.  Seventeenth  Edition.  Revised.  Postage  6d.  ...  10s.  6d. 

Steam  Engine  Theory  and  Practice.  By  W.  Ripper.  With  438  Illustra- 
tions. 8vo.  Postage  4d.  ...  ...  ...  ...  ...  9s.  Od. 

The  Marine  Steam  Turbine.  A  practical  description  of  the  Parson's  Marine 
Turbine.  60  illustrations.  Postage  4d.  ...  ...  ...  12s.  6d. 

Steam  Boilers.  By  R.  D.  Munro.  Showing  their  Defects,  Management, 
and  Construction.  Fourth  Edition.  Fully  Illustrated.  Postage  3d.  4s.  6d. 

Steam  Engineering.  By  W.  W.  F.  Pullen,  Wh.  Sc.,M.I.M.E.,  A.M.I.O.B. 
A  Treatise  on  Boilers,  Steam,  Gas  and  Oil  Engines,  and  Supplementary 
Machinery,  with  Instructions  for  Carrying  out  numerous  experiments. 
850  pages.  300  Illustrations.  Postage  5d.  ...  ...  ...  4s.  Od. 

Stationary  Engine  Driving.  By  Michael  Reynolds.  A  Practical  Manual  for 
Engineers  in  Charge  of  Stationary  Engines.  With  Plates  and  Woodcuts. 
Sixth  Edition.  8vo.  Cloth.  Postage  3d.  ...  ...  ...  3s.  6d. 

Elementary  Manual  of  Steam  and  the  Steam  Engine.  By  Prof. 
Jamieson.  For  First  year  Students.  Ninth  Edition.  Revised.  With  Illus- 
trations and  Examination  Papers.  Postage  3d.  ...  ...  3s  6d. 

Injectors  :  Theory,  Construction,  and  Working.  By  W.  F.  Pullen, 
Wh.  So.,  A.M.I.C.E.  Second  Edition.  Revised  and  Enlarged.  Crown  8vo. 
Postage  3d.  ...  ...  ...  ...  ...  ...  3s.  6d. 

A  Handbook  for  Steam  Users.  By  M,  Powis  Bale,  M.I.M.E.,  A.M.I.C.B. 
Giving  Rules  for  Engine  Drivers  and  Boiler  Attendants,  with  Notes  on  Steam 
Engine  and  Boiler  Management,  and  Steam  Boiler  Explosions.  Fop.  8vo, 
Postage  3d 3s.  6d. 

Heat  Engines.      By  W.  Ripper.     Postage  3d.  ...  ...  3s.   Od. 

Modern  Engines.  By  Thomas  W.  Corbin.  Describes  different  kinds  of  engines. 
Illustrated.  Postage  3d.  ...  ...  ...  ...  ...  Is.  Od. 

The  Working  of  Steam  Boilers.  By  Edward  G.  Hiller.  Postage  2d.  Is.  Od. 
Ditto  ditto  ditto  Cloth.  Postage  3d.  Is.  6d. 

The  Care  and  Management  of  Stationary  Engines.  By  C.  Hurst.  A 
Practical  Handbookfor  Men-in-Charge.  Crown  8vo.  Cloth.  Postage  3d.  Is.  Od. 

Model  Steam  Engines  :  How  to  Understand  Them  and  How  to  Run  Them. 
By  Henry  Greenly.  Fully  Illustrated.  Postage  Id.  ...  ftd 

Model  Boiler  Making.  By  B.  L.  Pearce.  A  Practical  Handbook  on  the  De- 
signing, Making  and  Testing  of  Small  Steam  Boilers.  Fully  Illustrated  with 
Original  Working  Drawings.  Postage  1  jd.  ...  ...  ...  8d. 

The  Slide  Valve  Simply  Explained.  By  W.  J.  Tennant,  A.M.I.Mech.E. 
Gives  a  clear  and  simple  explanation  of  the  Working  of  the  Steam  Engine 
Slide  Valve.  With  36  Illustrations.  Postage  Id.  ...  ...  6d. 


26-29,  POPPIN'S  COURT,  FLEET  STREET,  LONDON,  E.C.       9 
Workshop  Tools  and  Processes* 

Metal  Plat*  Work :   Its  Patterns  and  their  Geometry,  for  the  Use  of 

Tin,  Iron,  and  Zinc  Plate  Workers.     By  C.  T.  Millis.    Fourth  Edition. 

280  Diagrams.    470  pages.    Crown  8vo.    Postage  4d.  ...  ...  9s.  Od. 

Pattern  Making.  By  Joseph  Homer,  A.M.l.M.E.  Third  Edition.  Enlarged. 

With  486  Illustrations.    A  Practical  Treatise  embracing  the  Main  Types  of 

Engineering  Construction,  including  Gearing,  Sheave,  and  Pulleys,  Screws, 

Machine  Parts,  Pumps,  Estimating  the  Weight  of  Castings,  etc.,  etc.,  eto. 

Crown  8vo.    Postage  4d.         ...  ...  ...  ...  ...  7s.  Sd. 

Plating:  and  Boiler  Making,  By  Joseph  G.  Horner,  A.M.l.M.E.  A  Practical 

Handbook  for  Workshop  Operations.     880    pages,    with    888    Illustrations. 

Crown  8vo.    Cloth.    Postage  4d.         ...  ...  ...  ...  9s.  Od, 

S pens'  Mechanics'  Own  Book.  A  Manual  for  Handicraftsmen  and  Amateurs. 

Fifth  Edition.  1,430  Illustrations,  720  pages.  DemySvo.  Postage 5d.  6s.  Od. 
Engineers'  and  General  Smiths'  Work.  By  Thomas  Moore.  248pages,401 

illustrations.     Postage  4d.      .-..  ...  ...  ...  ...  5s.  Od. 

Spons'  Workshop  Receipts.  For  the  Use  of  Manufacturers,  Mechanics,  and 
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5d «s.  Od. 

Practical  Electric  Bell  Fitting.  By  F.  C.  Ailsop.  Tenth  Edition.  186  Illus 
trations.  Crown  8vo.  Postage  3d.  ...  ...  ...  ...  33.  (4 

Telephones:  Their  Construction  and  Fitting,  By  F.  C.  Ailsop.  Eighth 
edition.  184  Illustrations.  Crown  8vo.  Postage  4d ...  js  §d. 

Practical  Telephony.  By  Jas.  Bell,  A.I.E.E.,  and  S.  Wilson.  A  Simple  and 
Practical  Handbook  for  the  use  of  Students  and  Employees.  Copiously  Illus- 
trated. Postage  4d.  Fifth  Edition.  Revised  ...  js.  «d. 

Wireless  Telegraphy  and  Hertzian  Waves.  By  S.  R.  Bottene.  Fourth 
Edition,  revised.  With  37  Illustrations.  Postage  3d. ...  ...  2s.  6d. 

Electric  Bells,  and  All  About  Them.  By  S.  R.  Bottone.  A  Practical  Booh 
for  Practical  Men.  With  more  than  100  Illustrations.  Seventh  Edition,  revised 
and  enlarged.  Postage  3d.  ...  ...  ...  ...  ...  2s.  Od 

Elementary  Telegraphy.  By  H.  W.  Pendry.  A  Manual  for  Students 
Well  Illustrated.  Postage  3d.  ...  ...  ...  ...  2s.  6d! 

Telegraphists'  Guide.  By  Jas.  Bell,  A.I.E.B.,  and  S.  Wilson,  A.M.I.B  B 
Sixth  Edition.  208  Cuts.  Postage  3d.  ...  ...  ...  2s.  Od 
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Wireless  Telegraphy  for  Amateurs.  By  R.  P.  Howgrave  Graham.  Gives 
details  of  construction  of  apparatus  required.  Postage  3d.  ...  2s.  Od. 

How  to  Instal  Electric  Bells,  Annunciators  and  Alarms.  By  Norman  H. 
Schneider.  Gives  some 59  Diagrams.  Limp  Cloth.  Postage  IJd.  Is.  fd. 

Wireless  Telephones.  By  J.  Erskine  Murray.  Gives  a  description  of 
Apparatus  used.  Illustrated.  Postage  3d  ....  ...  ...  Is.  6d. 

Wireless  Telephone  Construction.  By  Newton  Harrison.  Well-illustrated 
description  of  Apparatus,  and  instructions  how  to  make.  Post.  2d.  Is.  6d. 

Making  Wireless  Outfits    By  Newton  Harrison.  Illustrated.  Post.  IJd.    is.  6d. 

Wires  and  Wireless.  By  T.  W.  Corbin.  Including  Wireless  and  Submarine. 
Illustrated.  Postage  3d.  ...  ...  ...  ...  ...  Is.  Od. 

Telephone  Troubles  and  How  to  Find  Them.  By  W.  H.  Hyde.  A  com- 
plete  Handbook  for  the  Telephone  Inspector.  Postage  Id.  ...  «d. 

Electric  Bells  and  Alarms.  By  F.  E.  Powell.  Gives  instructions  for  fitting 
same  to  any  part  of  any  ordinary  building.  51  Illustrations.  Seventh 
edition.  Postage  Id....  ...  ...  ...  ...  ...  fd. 

Telephones  and  Microphones :  How  to  Make  and  Use  Them.  Edited  by 
Percival  Marshall,  A.I.Mech.E.  A  Practical  Handbook  on  the  Making  and 
Using  of  Simple  Forms  of  Telephones  and  Microphones.  Fifth  Edition.  With 
29  Illustrations.  Postage  Id ...  M  fd. 


WOODWORKING,   ETC. 

Modern  Practical  Joinery.  By  G.  Ellis.  With  1,000  Illustrations.  Imperial 
8vo.  Postage  5d 15s.  Od. 

Practical  Stair  Building  and  Handrailing.  By  W.  H.  Wood.  With  82 
Plates.  Crown  4to.  Postage  5d.  ...  ...  ...  ...  108.01. 

Handyman's  Book  of  Tools,  Materials,  and  Processes  Employed  In 
Woodworking.  *  By  Paul  N.  Hasluck.  With  about  2,500  Illustrations  and 
Working  Drawings.  768  pages.  Royal  8vo.  Cloth.  Postage  5d  9s.  Od. 

The  Art  and  Craft  of  Cabinet  Making.  By  D.  Denning.  A  Practical 
Handbook  to  the  Construction  of  Cabinet  Furniture,  the  Use  of  Tools,  Forma- 
tion of  Joints,  Hints  on  Designing  and  Setting  Out  Work,  Veneering,  etc. 
With  219  Illustrations.  Postage  4d.  ...  ...  ...  ...  5s.  Od. 

Cabinet  Making  for  Amateurs.  Being  Clear  Directions  How  to  Construct 
many  Useful  Articles,  such  as  Brackets,  Sideboards,  Tables,  Cupboards,  etc. 
Illustrated.  Cloth  gilt.  Postage  3d 2s.  ftd. 

The  Cabinet-Maker's  Guide  to  the  Entire  Construction  of  Cabinet 
Work.  By  Richard  Bitmead.  Illustrated  with  Plans,  Sections  and  Work, 
ing  Drawings,  including  Veneering,  Marquetrie,  Buhlwork,  Mosaic,  Inlaying, 
etc.  Crown  8vo.  Cloth.  Postage  3d.  ...  ...  ...  2s.  6d. 

Carpentry  and  Joinery  Workshop  Practice.  By  C.  F.  and  A.  G.  Mitchell. 
A  Manual  for  the  use  of  Students.  Cloth  gilt.  Postage  3d.  Is.  QJ 

Circular  Work  in  Carpentry  and  Joinery.  By  George  Ceilings.  A  Practi- 
cal Treatise  on  Circular  Work  of  Single  and  Double  Curvature.  With  Diagrams. 
Third  Edition.  12mo.  Cloth.  Postage  3d 2s.  «d. 

Practical  Graining  and  Marbling.  By  Paul  N.  Hasluck.  With  numerous 
Illustrations.  160  pages.  Crown  8vo.  Cloth.  Postage  3d.  ...  2s.  Od. 

Practical  Staircase  Joinery.  By  Paul  N.  Hasluck.  With  numerous  Illustra- 
tions in  the  text.  160  pages.  Crown  8vo.  Cloth.  Postage  3d  2s.  Od. 

French  Polishing  and  Enamelling.  By  R.  Bitmead.  A  Practical  Work  for 
Instruction.  Including  Numerous  Recipes  for  Making  Polishes,  Varnishes, 
Glaze-Lacquers,  etc.  Postage  2d Is.  ffd. 

Weod-Carvlng  for  Amateurs.  By  D.  Denning.  Full  Instructions  for  Pro- 
duoing  all  the  Different  Varieties  of  Carvings.  Second  Edition.  In  Paper. 
Postage  2d Is.  Od. 

Chip  Carving  and  other  Surface  Carving.  By  Eleanor  Rowe.  With  71  I11U8. 
trations.  The  book  has  been  written  for  the  homeworker.  Post.  2d.  I  s. 
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Marqnetrle  Woodstalning  for  Amateurs.  By  Eliza  Turok.  A  Practical 
Handbook  to  Marquetrie  Woodstaining  and  Kindred  Arts.  Profusely  Illus- 
trated. In  Paper.  Postage  2d Is.  Od. 

Mounting  and  Framing:  Pictures,  Prepared  under  the  direction  of  Paul  N. 
Hasluck.  A  Practical  Manual  with 240 Illustrations.  Cloth.  Postage  2d.  Is.  Od. 

Woodworker's  Handybook.  By  Paul  N.  Hasluck.  Embracing  Information 
on  the  Tools,  Material  Appliances  and  Processes  Employed  in  Woodworking. 
With  104  Illustrations.  144  pages.  8vo.  Cloth.  Postage  3d. ...  Is.  Od. 

Weed-Turner's  Handybook.  By  Paul  N.  Hasluck.  A  Practical  Manual  for 
Workers  at  the  Lathe,  with  over  100  Illustrations.  144  pages.  Crown  8vo. 
Cloth.  Postage  3d ...  _  is.  Od. 

Tko  Beginner's  Guide  to  Carpentry.  By  H.  Jarvis.  A  Practical  Hand- 
book for  all  Beginners  in  Carpentry.  Illustrated  with  Drawings  and  Photos 
showing  how  Tools  saould  oe  used.  Crown  8vo.  Postage  3d.  Is.  Od. 

Polishes  and  Stains  for  Woods.  By  David  Denning.  A  Complete  Guide  to 
Polishing  Woodwork,  with  directions  for  Staining,  and  full  Information  for 
making  the  Stains,  Polishes,  etc.  In  Paper.  Postage  2d.  ...  Is.  Od. 

Elouso  Decoration:  Comprising  Whitewashing:,  Pa  per  hanging,  Paint* 
ing-.  etc.  By  Paul  N.  Hasluck.  A  Practical  Manual  with  79  Illustrations. 
Cloth.  Postage  2d Is.  Od. 

Cablnot  Worker's  Handybook.  By  Paul  N.  Hasluck.  A  Practical  Manual 
on  the  Tools,  Materials,  Appliances,  and  Processes  Employed  Cabinet 
Work.  With  upwards  of  100  Illustrations.  144  pages.  8vo.  Cloth. 
Postage  3d m  Is.  Od, 

Staining  and  Polishing.  With  Chapters  on  Stencilling  and  Ornamental 
Lettering.  Many  Recipes.  Postage  3d.  ...  ...  ...  Is.  Od. 

Soft  Woods  and  Colonial  Timbers.  A  practical  handbook  on  the  selection 
and  uses  of  Soft  Woods  and  Colonial  Timbers.  Fully  illustrated.  Postage 
Id.  ...  ...  ...  ...  ...  ...  ...  ...  gd. 

Hardwoods,  English  and  Foreign.  Describes  Hard  and  Fancy  Woods  used 
by  carpenters  and  cabinet  makers.  Illustrated.  Postage  Id.  ...  gd. 

Woodwork  Joints:  How  to  Make  and  Where  to  Use  Thorn.  By  a 
Practical  Joiner.  Postage  Id.  ...  ...  ...  ...  g  j. 

Veneering,  Marquetry  and  Inlay.  A  Practical  Guide  to  these  interesting 
methods  of  decorating  woodwork.  Fully  illustrated.  Postage  Id.  «d. 

Tho  Beginner's  Guide  to  Fretwork.  Containing  full  instructions  on  Tools, 
Materials,  and  Methods  of  Working.  Six  full-size  original  Fretwork  Designs 
are  given  with  this  work.  Postage  IJd.  ...  ...  ..,  gd. 

How  to  Use  the  Stanley  Universal  Plane  for  Moulding,  Matching. 
Ploughing,  etc.  By  a  Practical  Woodworker.  Illustrated.  Post.  Id.  6d. 

Elementary  Wood  Carving.  Being  a  Practical  Guide  to  Relief  and  Incised 
Carving.  Fully  Illustrated.  Postage  IJd.  ...  ...  ...  ...  ad. 

Ooormaking  for  Carpenters  and  Joiners.  Fully  Illustrated.  Pos- 
tage IJd Os.  6d. 

Practical  Polishing,  Staining,  etc.  for  Woodwork.  Gives  methods  of 
Staining,  etc.  Postage  Id.  ...  ...  ...  ...  ...  gd. 

Window  Waking  for  Carpenters  and  Joiners.  121  Illustrations.  A  most 
useful  book.  Postage  Id.  ...  ...  ...  ...  ...  gd. 

Simple  Lessons  in  Wood  Turning.  97  Illustrations,  Diagrams  and 
Working  Drawings.  Postage  Id.  ...  ...  ...  ...  gd. 

Practical  Upholstery.     Fully  Illustrated.    Postage  Id....  ...  gd. 

Violin  Making  and  Adjusting.  The  Construction  and  Adjustment  of  Violins 
and  'Cellos  fully  described.  Illustrated.  Postage  Id.  ...  ...  gd. 

Jewellery  Enamelling.  Dealing  with  various  processes  in  vogue.  Well 
illustrated.  Postage  Id.  -  ...  ...  ...  ...  ...  gd. 

Elementary  Staircasing.  The  principles  and  methods  of  construction  clearly 
described.  119  illustrations.  Postage  Id.  ...  ...  ...  gd. 

Design  for  Wood  Carvers.  Giving  particulars  of  principles  of  Designs.  Post- 
age Id.  ...  ...  ...  ...  ...  ...  ...  gd. 

Marquetry  Vlade  Easy.  A  well  Illustrated  book.  Useful  to  all  interested 
in  Marquetry.  Postage  Ifd....  ...  ...  ...  ...  gd. 
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PERIODICALS 

'*  The  Model  Engineer/*  Contains  Practical  Articles.,. 
Original  Working  Drawings  and  High-class  Illustra- 
tions on  Model  Engine  Making,  Lathe  Work,  Pattern 
Making,  Sheet  Metal  Working,  Brass  and  Iron 
Founding,  Forging,  Tool  Making,  Motor  Cycles,  Mode!; 
Yacht  Building,  Small  Dynamos  and  Motors,  Electric 
Bells,  Batteries,  Accumulators,  Telephones,  Influence 
Machines,  Electric  Lighting,  Electrical  Experiments. 
Every  Thursday,  2d.  net.  Annual  Subscription,  post 

free I3s.  Od~ 

Vols.  I,  II,  and  III,  are  entirely  out  of  print. 

Vol.  IV,  Jan.  to  June,  1901  ;  Vol.  V,  July  to  Dec.,  1901  -„ 

Vol.  VI,  Jan.  to  June,  1902;  Vol.  VII,  July  to  Dec,, 

1902.       Postage    4d.  ;     Foreign     and     Colonial    6d. 

Each         ...  ...  ...  ...  3s.  6d 

Each  Vol.  contains  12  parts. 

Vol.  VIII,  Jan.  to  June,  1903;  Vol.    IX,   July  to  Dec., 
1903;  Vol.  X,   Jan.  to  June,   1904;    Vol.   XI,  July 
to  Dec.,  1904;  Vol.  XII,   Jan    to  June,  1905;  Vol. 
XIII,  July  to  Dec.,  1905:  Vol.  XIV,  Jan.  to  June, 
1906;  Vol.  XV,  July  to  Dec.,  1906;  Vol.  XVI,  Jan. 
to  June,   1907;    Vol.   XVII,  July    to    Dec.,   1907; 
Vol.   XVIII,   Jan.  to  June,  1908.     Vol.  XIX,    July 
to  Dec.,  1908.      Vol.  XX,  Jan.  to  June,  1909.      Vol 
XXI,  July  to  Dec.,  1909.  Vol.  XXI  I.  Jan.  to  June,  1910. 
Vol.  XXIII,  July  to  Dec.,  1910  ;   Vol.  XXIV,  Jan.  to 
June,    1911  ;  Vol.  XXV,  July  to  Dec.,  1911.    Postage 
6d.;     Foreign  and  Colonial,  Is.  Each      ...        6s.  6d. 
Each  Vol.  contains  26  parts. 
Binding  Cases  for  Vol.     Postage  3d.       ...  Is,  Od. 

Reading  Cases,  with  Strings  for  the  Temporary  Binding 
of  Twelve  Parts.     Postage  3d.         ...  Is.  Od. 

*'  The  Engineer-in-Charge  and  Works  Manager." 
A  Practical  Journal  of  Engineering,  Plant  Manage- 
ment, and  Maintenance.  Specially  Suitable  for  WorKs 
Managers  and  Engineers  in  Public  Institutions,  Ware- 
houses, Factories,  Mills,  Power  Stations,  etc.  Thoroughly 
Practical  and  fully  Illustrated.  Monthly  2d.  net.  Post 
free  3£d.  Annual  Subscription,  post  free  3s.  6d. 

Vol.  I,  April,  1906,  to  March,  1907;  Vol.  II.  April,  1907,  to 
March,   1908.;    Vol.   Ill,    April,  .1908  to   March,   1909. 
Vol.  IV,  April,  1909,  to  March,  1910  ;   Vol.  V,  April 
1910,   to   March,    1911.     Postage  5d.     Foreign  and 

Colonial  I/-.   ...  4s.  6d 

Binding  Cases  for  Vol.     Postage  3d.     ...  Is.  6d, 

Reading    Cases,    with    Strings,    to   hold    twelve  parts 
Postage  3d.  ...  ...  ...  Is.  6d, 


USEFUL  ARTS  AND  HANDICRAFTS. 

Continued  from  inside  front  Cover. 

C     27  Adornment  of  the  Home.     C.  G    Leland.  y      ^» 

28  Jewellery  and  Trinkets,  home-made.  "\x-/ 

29  China  De  -orat  on  and  Repair. 

30  The  Decoration  of  Fabrics. 

31  Paper- work.  Decorative  and  Useful. 

32  Gums,  Glues  Pastes,  and  Other  Adhesives. 

33  Perfumes  and  (Josrneti"s,  home-made. 

34  Gla^s  Decorat;on  and  Repair. 

35  Amateur  Curating. 

36  Gesso  Work 

37  Picture  and  Frame  Restoring. 

38  Fitments  for  the  Home. 

30      Bamboo  Work. 

40  Paper  Flowers. 

4L  Home  Bookbinding. 

42  Bookshelves  and  Books. 

43  Leather  Work. 

41  Design-*  Laying. 

45  Rustic  Minor  Arts  :— Nature  Printing  ;  Natural  Magic  ;  Decora- 

tive use  of  Ferns,  Leaves,  &c. 

46  Miscellaneous  Minor  Arts,  I.: — Bones  and  Horns;  Shells   and 

Beads;  Coral,  Amber  Ivory,  &c. 

47  Miscellaneous     Minor    Arts,     II.: — Stone    Mosaic;    Scagliola 

Ceresa,    Imitation    Mosaic;    Nail    and     Scale    Work;  Bead 
Inlay  and  the  Making  of  Wood  Tankards,  &c. 

48  Basket  Making. 

49  Window  Ticket  Writing. 

50  Modelling  in  Clay  a  id  Wax. 

51  Sand- Blasting;  Ktching  and  Coloring  with  Acid. 

52  Grangerising,  or  Extra  Illustrating. 

6d.  each  net,  post  free  7d. 


PROFITABLE     HOBBIES. 

BY   H.   SNOWDEN    WARD. 
74  Pages  fully  Illustrated.     6d.  net,  post  free  Sd. 

Gives  hints  and  suggestions  on  the  choice  of  a  hobby;  compares  the 
advantages  of  scientific,  artistic,  and  rural  pursuits,  the  "collecting" 
hobbies  and  the  handicrafts  Instruction  on  taking  up  an  hobby,  with  the 
titles  and  prices  of  the  books  and  magazines  most  useful  to  the  beginner. 
Suggestions  for  maiketing  the  produce  of  a  hobby. 

The  pursuits  include  those  suitable  to  both  sexes,  to  the  man  of  ample 
leisure,  and  to  him  whose  time  is  precious;  with  special  reference  to  some 
little-known  crafts,  and  to  some  very  suitable  for  invalids. 
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